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CHAPTER 8

Policy Alternatives for Strategic Materials

The central premise that underlies concern
about strategic materials can be stated as fol-
lows: the United States must import a number
of materials that are essential to the national
defense and to domestic industry. For a num-
ber of these materials, the bulk of the supply
comes from countries or regions that are either
politically unstable or ideologically hostile to
the United States. As a result, the United States
may face disruptions in the supply of these
materials, disruptions that could be damaging
to the national defense or industrial strength
of the country.

The National Defense Stockpile and the pri-
ority allocation system provided under the De-
fense production Act address the problem of
maintaining an adequate supply of materials
for national defense. These policies and pro-
cedures, however, are not meant to protect the
U.S. industrial economy from disruptions in
the supply of strategic materials except in times
of war or national emergency.

The technical approaches that are the sub-
ject of this report can help reduce the vul-
nerability of the United States to disruptions
in the supply of strategic materials. The ap-
proaches can be grouped into three categories:
mineral production and processing, conserva-
tion and recycling, and substitution. Policy
options for the implementation of these ap-

proaches, including the formulation of coordi-
nated Federal strategies for strategic materials,
are the subject of this chapter.

Two general observations apply to the dis-
cussion in this chapter. First, most of these
technical approaches are long-term in nature.
Some of the alternatives, such as the develop-
ment of substitute materials for the most de-
manding applications, may require 10 years or
more to be brought to fruition. Second, private
industry, not the Federal Government, is the
primary producer, importer, and consumer of
strategic materials. Therefore, it is private in-
dustry that will make most decisions about the
location of new mineral development, about
the use of conservation and recycling technol-
ogies, and about the development and use of
substitute materials.

The Federal Government can influence pri-
vate decisions through such actions as support
of research and development or use of tax and
other economic tools to influence investments.
The degree of government involvement consid-
ered appropriate or desirable depends on the
policymaker’s assessment of the likelihood and
effect of supply disruptions, on his or her phi-
losophy of the relationship of government and
industry, and on the economic and technical
resources available for this issue in the wide
range of national affairs.

Potential Contribution of Alternatives to Specific Material Supplies

Prospects for reducing vulnerability must be
assessed on a material-by-material basis. The
potential contribution of each alternative
differs for each strategic metal under exami-
nation; however, taken in sum, these alterna-
tives can contribute significantly to net reduc-
tion of U.S. vulnerability to disruptions of
supplies of strategic materials.

Table 8-1 illustrates how each technical alter-
native relates to the first-tier strategic materials
(chromium, cobalt, manganese, and platinum
group metals) that are addressed in detail in
this study. These alternatives are summarized
briefly below. Detailed discussion of the tech-
nical alternatives to import vulnerability is pro-
vided in chapter 5 (production and processing),
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Table 8-1.—Technical Prospects for Reducing U.S. Import Vulnerability for Chromium, Cobalt, Manganese, and the
Platinum Group Metals

Chromium (Cr) Cobalt (Co) Manganese (Mn) Platinum group (PGM)

U.S. apparent consumption 319,000 short tons
(1982)a

U.S. import dependence (1982 )a85%
Recycling in 1982 12%

(purchased scrap)b

Domestic production in 1982a 0%

5,592 short tons 672,000 short tons
(1 1,184,000 Ibs)
92°/0 9 9 0 / o

61 short tons
(1,787,000 troy ounces)
800/0
19°/0 (excludes toll refined)80/0 Not estimated

0 % About 2°/0 of apparent
consumption

About $1.58-$1.68 per long
ton unit (22.4 pounds) of 46
to 48°/0 of Mn metallurgical
ore.

$197 million

0.40/0 of apparent
consumption

Dealer Price:
platinum —$327/troy oz.;
palladium —$67/troy oz.

Price in 1982 a Turkish chromite: $100/short ton
($110/metric)
South African: $47/short ton
($52/metric).

$120 million

Cathode 99°/0 Co:
$12.90/pound

Value of imports into the
United States in 1982C

(including gross weight)
Import sources (1979-1982)a

(Bold-faced countries are
primary producers)

$143 million $554 million

Chromite: South Africa (480/o); U.S.S.R.
(170/0); Philippines (130/.); Other
(220/0). Ferrochromium: South Africa
(440/o); Yugoslavia (90/.); Zimbabwe
(90/.); Other (380/.).

Ore: South Africa (330/0);
Gabon (260/o); Australia
(200/0); Brazil (120/0); Other
(9%) Ferromanganese:
South Africa (430/.); France
(260/o); Other (31 O/O).

South Africa (400/o); U.S.S.R.
(370/o); remaining 23°/0
(distributed among 8 coun-
tries) represents reserves in
excess of 200 million short
tons.

Zaire (37%); Zambia (130/o); Canada (80/0);
Belgium-Luxembourg (80/0); Japan (70/o);
Norway (i’ ”/o); Other (lsO/o).

South Africa (560/o); U.S.S.R.
(160/O); U.K. (11 O/O); Other (l T”/o).

Location of major world
reserves d

South Africa and Zimbabwe (920/o); the
remaining 8°/0, distributed among
more than 10 countries, represents
reserves in excess of 100 million
short tons of chromite. Chromite
typically ranges from 22 to 38°/0
chromium content.

Very good for noncritical applications;
for critical applications, extensive
applied R&D will be needed. Basic
research breakthroughs may be
needed to develop substitutes in the
most critical applications.

Fiber-reinforced plastics and some
other composite materials may com-
pete with stainless steels in some
critical applications over time.

Zaire (500/0); Zambia (130/0); Cuba (70/.);
U.S.S.R. (50/o); the remaining 250/. of
world reserves (2 million short tons) is
distributed among 12 countries.

South Africa (790/o); U.S.S.R.
(190/0); remaining 20/0 (20 million
troy ounces) is in Canada, the
U. S., and Columbia.

Prospects for increased
substitution

Good for many applications; additional
R&D needed for critical applications
such as superalloys. Qualification
requirements may limit practical use of
these substitutes.

Poor—substitutes for Mn in
steelmaking (which
accounts for 900/0 of con-
sumption) are not promising.

Alternatives to PGM exist in many
applications; in critical applica-
tions, prospects for direct
substitution are poor in the near
and medium term.

Potential for displacement
by advanced materials

Reasonable prospects for incremental
phase-in of advanced materials in near
and medium term; long-term prospects
(2010 and beyond) may be great in heat
engine applications.

Limited: various composites
may compete with steel in
specialized applications.

Breakthrough in basic
research is probably
needed for other materials
to replace PGM as a catalyst.

Potential for increased
recycling

Good—major obstacles are economic.
Reduced downgrading, improved
obsolete scrap recovery, and
recovery of Cr values from steel-
making wastes appear to be the ma-
jor opportunities, although data is
out-of-date. Scrapped catalytic con-
verter shells could become source of
Cr; recovery of Cr from steel making
wastes also may add to supplies.

Good—economic factors are primary
impediments to recycling, although
advanced technologies may have to be
developed to maximize recovery of
superalloy scrap. Obsolete superalloy
scrap, spent catalysts, and other
postconsumer uses will be a growing
potential source of cobalt. For 1980, an
estimated 2,350 short tons (4.7 million
Ibs) of Co was not recycled or was

Poor—unless technical
advances make Mn recovery
from slag economical.

Excellent—recycling of PGM from
automotive catalysts could pro-
vide 400,000 to 500,000 troy
ounces of PGM annually in the
mid-1990s. Obsolete electronic
scrap could also be a major
recycling source if high costs of
disassembly are overcome.

downgraded.



Table 8=1.—Technical Prospects for Reducing U.S. Import Vulnerability for Chromium, Cobalt, Manganese, and the
Platinum Group Metals (Continued)

Potential for mo~e  efficient
use through design,
processing, and manufac-
tur ing technologies

Prospects for production
and processing:
Potential for Significant

domest ic  product ion

Potential for supply

d ivers i f icat ion abroad

Potential to retain
domestic processing
capacity

Prospects for substantial
reduction in current levels
of U.S. dependence by the
year 2000 using the above
alternatives.

Most promising technical
routes to reducing U.S.
import dependence by 2000

Chromium (Cr) Cobalt (Co) Manganese (Mn) Platinum group (PGM)

Incremental gains; a major break-
through akin to the AOD process,
which reduced chromium losses in
stainless steel production is not
foreseen.

Very poor—known deposits are low
in quality and probably WIII not be
exploitable except in a national
emergency; however possibility of a
new discovery of a promising
deposit cannot be ruled out entirely
In addition, Iimited quantities of
chromite may be produced as a by-
product if nickel-cobalt Iaterites are
developed.

Poor to fair—probably would require
U.S. development assistance or in-
centives to promote production in
Turkey, the Philippines, and several
other countries.

Loss of processing capacity is
expected to continue in near term
with stabilization of domestic
industry at a reduced level in long

Very good—in superalloy production Good—manganese required
and parts fabrication; however, more per ton of steel could be
efficient manufacturing will reduce reduced significantly by the
scrap materials most preferred for year 2000 (from the current
recycling. level of 36 Ibshon to 25

Ibshon).

Poor—without subsidy or major price Very poor—known deposits
rise. Good with subsidy. Maximum
simultaneous development from ex-
isting mine sites could provide 10
million pounds (5,000 short tons) of
cobalt annually for a 10- to 15-year
period. Production economics varies by
mine site. Mine owners have cited
prices ranging from $16 to $25 per
pound as needed where cobalt is the
primary mine product. At other sites,
prices of nickel and copper need to be
considered in determining whether
coproduction would be profitable.

very low in quality. Possible
discovery of a promising
deposit cannot be ruled out
entirely.

Good prospects—but viability depends Good—several alternative
on copper and nickel markets because suppliers exist, including
cobalt is a byproduct from mining of Mexico, Australia, Brazil,
these materials. Improved technologies and Gabon.
for laterite processing in the U.S. may
be transferable overseas.

Good—processing capacity is expanding Loss of processing capacity is
due to recycling efforts expected to continue in near

term with stabilization of in-
dustry at a reduced level to

term to” meet specialty steel industry meet-specialty steel industry
needs. needs.

Fair Good Fair

Substitution Recycling Continuation of conserva-

Recycling
tion trends in steelmaking

Design, processing, and manufacturing Diversification of supplies
technologies

Diversification of supplies Domestic production Replacement of steel in some
substitution applications by aluminum or

plastics

Uncertain—will depend on
basic research in catalyst
chemistry.

Fair to good—initial plans to
develop one domestic site
anticipate palladium and
platinum production equivalent
to 9 % of total U.S. PGM con-
sumption in 1982. A decision on
the project is expected in 1985.
Much higher production levels
may be achievable if other sites
are developed.

Poor—unless major new dis-
coveries are made (U.S. has
most promising unexploited
deposit).

Good—domestic refining capacity
has increased to meet recycling
needs.

Good

Recycling of automobile catalysts
and electronic scrap

Domestic production

au s, De~a~t~ent  of Interior, Bureau of M ,nes,  Mineral c~mm~dlty  .c&mmarle~ 7984 washln~t~n,  Dc u s Govemnlent p~lntln~  Off Ice, 19&3) Figures on apparent  consumption  may d Iffer f:cm  apparent Con-

sumption  ftgures  In table A or ch. 1 because of different reporting conventions used In different Bureau of M Ines statistical series
bu s, Department of Interior, Bureau of Mines, M/nera/  comm~d,ty  Summaries 7983 (washlnqton, DC. us. Government prlnt,ng  Of f,ce, 1982) Estimates of purchased  scrap  as a percentage  Of apparent COfl-

sumptlon  In 1982 are preliminary estimates which may be sub)ect  to rewslon  Appreciable quantities of manganese contained In ferrous and nonferrous scrap and steelmak(ng  slag are recycled Howwer, scrap
recovery specifically to recycle manganese IS mlnlmal

Cu,s,  Department of Interior, Bureau of Mines, M/nera/s  yearbook Vo/ I, Me/a/~ and Minerals  7982 (Washington, DC  U S Government prlntlng  Off Ice, 1983), table 10, pp. 54-55.
du.s.  Department of Interior, Bureau of Mines, “Mineral Commodity Profiles 1983” (chromium, cobalt, manganese, and plat!num  group metals),

SOURCE: Office of Technology Assessment, 1984.
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chapter 6 (conservation and recycling) and
chapter 7 (substitution and advanced ma-
terials).

Chromium

The United States is dependent on South
Africa and the Soviet Union for most of its
chromium, half of which is used in stainless
steels. Major opportunities exist to conserve
chromium, especially in nonessential applica-
tions for stainless steel where substitutes (e.g.,
aluminum and plastic) are widely available. For
critical applications, some promising lower
chromium stainless steels are now under de-
velopment—primarily by government. These
will need substantial additional work before
they will be available for use. In some appli-
cations, chromium is so essential that a break-
through in basic research may be needed to
find substitutes. Although recycling of stain-
less steel scrap has reached a high level, re-
duced downgrading and improved recovery of
obsolete scrap and steelmaking wastes could
help add to chromium supplies. Because
known domestic chromite deposits are very
poor in quality, diversification of foreign sup-
pliers may be a more attractive option than de-
velopment of known domestic chromite depos-
its. Discovery of higher quality domestic
chromite deposits appears unlikely but cannot
be ruled out.

Cobalt

Of the first-tier strategic materials, cobalt
offers the greatest range of technical alterna-
tives to current supply patterns, which are
dominated by Zaire and Zambia. Ongoing man-
ufacturing trends in the aerospace industry are
encouraging highly efficient use of cobalt in
the fabrication of jet engine parts, and this
trend is likely to continue in the future. With
advances in recycling technologies, it should
become technically possible to recover much
more of the several million pounds of cobalt
contained in downgraded scrap or waste that
is not recovered each year. Substitutes are al-
ready available for cobalt in many applications.
In addition, some low-or no-cobalt substitutes

have been developed which could replace co-
balt in some superalloys-–the application of
greatest concern because of their importance
in jet engines. These will need to be thoroughly
tested and qualified for use before they can be
employed. Over the long term—beyond the
year 2000—promising advanced materials may
increasingly be used in jet engines, potentially
reducing the need for superalloy (and hence
strategic materials) in this critical application.

Evaluations of known domestic deposits sug-
gest that more than 10 million pounds of co-
balt could be produced annually for a 15- to 20-
year period if the four most promising sites
were developed simultaneously. At current co-
balt prices, none of these sites would be profita-
ble to develop. Moreover, at some sites, cobalt
would be a coproduct or byproduct of other
metals production so that production econom-
ics would not depend on cobalt alone. Federal
subsidies, such as a guaranteed purchase price,
would probably be needed for a protracted
period for sustained cobalt production to
occur.

Manganese

Options for reducing U.S. reliance on the So-
viet Union and South Africa for manganese
supplies are largely limited to conservation in
steelmaking and developing greater diversity
among foreign suppliers. The ongoing process
of upgrading U.S. steelmaking facilities and
processes should make it possible to reduce to-
tal manganese requirements (excluding home
scrap) for each ton of steel from about 36 to
25 pounds by the year 2000. Manganese fer-
roalloy requirements, especially, could be re-
duced–falling from about 16 to about 8.3
pounds per ton by the year 2000. A commit-
ment to changing supply patterns to reduce
reliance on South Africa and the Soviet Union
could also reduce U.S. vulnerability, since sev-
eral other major foreign producers exist. As
with chromium, virtually no exploitable domes-
tic manganese deposits are known at this time.
Unless a major new deposit is found, prospects
for significant domestic production will remain
slight.
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Platinum Group Metals

Alternatives for reducing U.S. dependency
on South Africa and the Soviet Union for plati-
num group metals (PGMs) include increased
recycling of automotive catalysts and elec-
tronic scrap and development of domestic
PGM deposits. Between now and 1995, the an-
nual amount of potentially recoverable PGM
from scrapped cars will grow from about
110,000 to 700,000 troy ounces or more, If
500,000 troy ounces of this were to be recycled,
an amount of PGM equivalent to 25 percent of
1982 U.S. PGM consumption for all uses would
be added to U.S. supplies. PGMs are of such

high cost that they are used very efficiently,
and the incentive for conservation is high. The
United States also has one of the world’s most
promising deposits of PGM that has yet to be
exploited in the Stillwater Complex of Mon-
tana. One mine site in the complex is now be-
ing evaluated for possible production, raising
the possibility of appreciable domestic produc-
tion by the end of the decade. Initial plans call
for production of about 175,000 troy ounce of
PGM, about 9 percent of total U.S. consump-
tion in 1982. Over the long term, much higher
production levels may be achievable if addi-
tional sites within Stillwater and elsewhere are
brought into production,

Existing Laws and Strategic Materials Policy

There are many ways in which the Federal
Government can assist and guide the private
sector in implementing the aforementioned
technical approaches if it chooses. Options
range from dissemination of information and
data, to sponsorship of research and develop-
ment (R&D), to provision of incentives and sub-
sidies to encourage private actions. Over the
years, congressional concern about strategic
materials has led to adoption of several laws
which provide a relatively comprehensive stat-
utory framework for Federal activities of this
kind. Laws such as the Defense Production Act
and the Strategic and Critical Materials Stock-
piling Revision Act provide basic authorization
to undertake a full panoply of activities related
to strategic materials, such as development of
substitutes, development of processing technol-
ogies, and development of domestic production
capabilities when such activities are deemed
necessary for national security or would help
achieve stockpile objectives.

Two recent Federal laws have emphasized
the need for high-level executive branch pol-
icy coordination of strategic materials R&D
activities. The National Critical Materials Act
of 1984 directed the establishment of a National
Critical Materials Council in the Executive Of-
fice of the President to assist in executive

branch strategic material policy formulation
and coordination, and oversee a new Federal
advanced materials R&D program. The 1980
National Materials and Minerals Policy, Re-
search and Development Act placed increased
emphasis on materials R&D in the Federal Gov-
ernment, and articulated a national materials
policy. Table 8-2 compares the potential con-
tribution of the technical alternatives to mate-
rial supplies with the degree of government
action that may be needed to achieve that con-
tribution, while major Federal laws that pro-
vide potential vehicles for implementing these
actions are discussed briefly below.

National Materials and Minerals Policy,
Research and Development Act

(Public Law 96-479)

In 1980, Congress enacted the National Ma-
terials and Minerals Policy, Research and De-
velopment Act to provide a basic coordinating
framework for executive branch material pol-
icy decisions. The law gave heightened visibil-
ity to substitution, recycling, and conservation
as well as to mineral development to meet U.S.
material policy objectives, and emphasized the
importance of government support for R&D in
addressing material problems. A key purpose
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Table 8-2.—Probable Degree of Government Involvement Needed
in Long-Term Strategies to Reduce Vulnerability

Extent of Nature of government actions Likely time-
Potential government Direct frame to

contribution action needed Information subsidy achieve
Material to reduced to achieve and Research and to implement outcome once
alternative vulnerability potential monitoring development alternative action initiated
—.
Chromium:
Recycling Large
Substitution:

Noncritical Large
applications

Critical Medium
applications

Supply diversity Small to medium
Domestic Small, without

production new discoveries

Cobalt:
Recycling and Large

conservation
Domestic Large

production
Substitution Medium

Supply diversity Medium

Manganese:
Conservation Large

Supply diversity Large
Domestic Small

production
Substitution Small

Platinum group metals:
Recycling and Large

conservation
Domestic Medium to

production large
Substitution:

Noncritical Large
applications

Critical Probably small
applications

Supply diversity Probably small

Advanced materials:
Ceramics Potentially

large
Composites Potentially

large

Moderate

Moderate

Moderate to
extensive

Extensive
Extensive

Moderate to
extensive

Extensive

Moderate to
extensive

Extensive

Modest

Extensive
Extensive

Not assessed

Modest

Probably
modest

Modest

Not assessed

Not assessed

Extensive

Extensive

KEY:
Large—200/0 or more of 1982 U.S. consumption.
Medium—5 to 20°/0 of 1982 U.S. consumption.
Small—less than 5°/0 of 1982 consumption.
Near-term—within 5 years.
Medium-term—within 15 years.
Long-term–beyond 2000.

Modest—Little required beyond current level.
Moderate-Some new actions needed.
Extensive—Major new actions required.
X = Increased activities in this area.
? = Not assessed.

SOURCE: Office of Technology Assessment.

x

x

x

x
x

x

x

x
x

x

x
x
?

x

x

x
?

?

x

x

x

Possibly

x

Possibly
x

x
x

x
Possibly

x

Possibly
x

Minor

Minor

x

x

No

No

No

Probably
x

Probably not

x

Possibly

Probably

No

x
x
?

No

Probably not

No

?

?

Possibly

Possibly

Near-term

Medium-to
long-term

Long-term

Long-term
Long-term

Near-to
medium-term
Near-term

Medium-to
long-term

Long-term

Near-to
medium-term

Long-term
Long-term

?

Near-term

Near-term
(possible)

Near-term

Long-term

Long-term

Long-term

Long-term
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of the Act was to provide better mechanisms
for coordinating Federal material-related pro-
grams, which presently are highly decentral-
ized, being administered by a host of agencies
with differing missions, objectives, and per-
spectives.

The Act declared that “it is the continuing
policy of the United States to promote an ade-
quate and stable supply of materials necessary
to maintain national security, economic well-
being and industrial production with appropri-
ate attention to a long-term balance between
resource production, energy use, a healthy
environment, natural resources conservation
and social needs.”1

The 1980 Act encompassed all materials that
are related to industrial, military, and essen-
tial civilian needs. However, strategic materials
were given high visibility in the Act, which de-
fined materials as:

. . . substances, including minerals, of current
or potential use that will be needed to supply
the industrial, military and essential civilian
needs of the United States in the production
of goods or services, including those which are
primarily imported or for which there is a pros-
pect of shortages or uncertain supply, or which
present opportunities in terms of new physi-
cal properties, use, recycling, disposal or sub-
stitution . . 2 (The definition excludes food and
energy fuels.)

The law also called on the president to submit
to Congress, on a one-time basis, a “program
plan” containing such existing or prospective
proposals and executive branch organization
structures “as he finds necessary” to imple-
ment key sections of the Act.

In April 1982, president Reagan submitted
to congress his materials and minerals pro-
gram plan required by the Act. The 22-page
document summarized actions to be taken in
four major areas—land availability, materials
research and development, minerals and ma-
terials data collection, and the strategic and
critical materials stockpile.3 The plan assigned

‘Public Law 96-479, sec. 3.
ZPublic  Law 96-479, sec. 2(b).
aThe White House, National Materials and Minerals Program

Plan and Report to Congress (Washington, DC: N. P.) April 1982.

responsibility for coordination of national
materials policy to the Cabinet Council on Nat-
ural Resources and the Environment. R&D co-
ordination not involving policy questions was
assigned to the interagency Committee on
Materials (COMAT), under the direction of the
White House Office of Science and Technol-
ogy Policy (OSTP) Federal Coordinating Coun-
cil on Science, Engineering, and Technology.

Several concerns have been expressed about
the Administration’s discharge of its respon-
sibilities to Congress under the 1980 Act. The
Act required the plan, as a minimum, to con-
tain a program, budget, and organizational
structure for “continuing long-range analysis
of materials use to meet national security, eco-
nomic, and social needs. ” The plan refers to
a review of the Federal minerals and materials
data system, but makes no specific reference
to establishment of a continuing long-range
analysis of materials, and also did not provide
a budget proposal.

The President’s plan also drew criticism for
overlooking some key areas of emphasis in the
Act. The report focused primarily on minerals
availability issues associated with Federal
lands and on the management of the stockpile;
substantially less emphasis was given to the
R&D components of the 1980 Act. Nor did it
address recycling, conservation, and substitu-
tion in detail. Although the Act provided the
President with substantial discretion to select
plan components, critics contended that the
failure to address these issues made the Presi-
dent’s plan inadequate to fulfill the intent of
the Act.

Other implementation difficulties were iden-
tified by the U.S. General Accounting Office
(GAO) in a 1984 report to Congress on overall
executive branch responses to the law.4 GAO
pointed out that not all agencies with impor-
tant materials responsibilities were represented
on the Cabinet Council on Natural Resources
and the Environment, charged with overall pol-
icy coordination. Additionally, GAO found that

41-J.s. General Accounting Office, Implementation of the Na-
tional Minerals and Materials Policy Needs Better Coordination
and Focus (Washington, DC: U.S. General Accounting Office,
Mar. 20, 1984), GAO/RCED-84-63.
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some agencies have made key materials pol-
icy decisions independent of council clearance.

The effectiveness of COMAT in providing in-
formation for R&D policy decisions was ques-
tioned. According to GAO, the President’s fis-
cal year 1984 budget included an unexpected
$38 million for a major new initiative in mate-
rials sciences research by the Department of
Energy’s (DOE) Lawrence Berkeley Laboratory
in which COMAT and even the Cabinet Coun-
cil had little input. The overall goal of this
initiative was to improve linkages among aca-
demic, national laboratory, and industry sci-
entists for the future advancement of high-
technology industries—a responsibility the
President’s plan delegated to COMAT. How-
ever, the policy decision concerning redirec-
tion of Federal materials R&D and the appro-
priateness of DOE’s initiative were made
independently by the Director of OSTP before
COMAT had formulated a position on the need
for a new initiative. Moreover, the Cabinet
Council had not reviewed the need for this pro-
gram, nor had it been developed within the
context of an overall national materials and
minerals R&D program. Another instance cited
by GAO was the failure by the Department of
Defense to coordinate with the Cabinet Coun-
cil before seeking funds to subsidize domestic
mineral production capacity under Title III of
the Defense Production Act.

Several strategic materials reports required
by law either have been submitted late or not
at all. First, Congress mandated OSTP to pre-
pare and annually revise “an assessment of na-
tional material needs arising from scientific
and technological concerns over the next 5
years” and where possible, over the next 10 or
25 years. As of March 1984, the initial report
had not been done, and the office informed
GAO that it had no plans to undertake the
study. (The law did not specify a date for sub-
mitting the report.)

The Department of Defense told GAO that
it had prepared a report “assessing critical ma-
terial needs related to national security” and
“steps necessary to meet those needs” which
was required by the Act. ” However, the report

was required to be submitted to Congress by
October 21, 1981. As of March 1984, the report
had not been submitted, apparently because it
was still under review by the Administration.
A Department of the Interior report, also due
in October 1981, was not submitted until No-
vember 1983. Only the Commerce Department
complied fully with the Act. (A more detailed
summary of GAO’s findings can be found in
box 4-A in ch. 4.)

Despite the Administration’s failure to fulfill
the information needs of Congress, many in-
dividual agencies appear to be carrying out
their own activities in a way that is reasonably
responsive to the law. Strategic materials R&D
funding has fared well in a time of budget cuts,
and many other initiatives have been under-
taken that were not specifically identified in
the President’s plan. For example, in 1984, the
Secretary of the Interior, who also serves as
Chairman of the Cabinet Council on Natural
Resources and the Environment, created a Na-
tional Strategic Materials and Minerals Pro-
gram Advisory Committee.

National Critical Materials Act of 1984
(Public Law 98-373)

Signed into law by President Reagan on July
31, 1984, Title II of Public Law 98-373 estab-
lishes a statutory National Critical Materials
Council “under and reporting to” the Execu-
tive Office of the President to advise and as-
sist the President in formulating critical ma-
terial policies. The Council is also given key
responsibilities in developing a “national Fed-
eral program” for advanced materials research
and technology, and stimulating innovation
and technology utilization in basic and ad-
vanced materials industries.

Authorization for Title II will expire on Sep-
tember 30, 1990, unless extended by Congress.
The three members of the Council are to be ap-
pointed by the President, with advice and con-
sent of the Senate if the appointee is not already
a Senate-confirmed government official. One
member is to be designated Chairman of the
Council by the President. In selecting mem-
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bers, particular emphasis is to be given to peo-
ple with training, experience and achievement
in materials policy, science or engineering, and
at least one member is to have a background
and understanding of environmental issues.
The Council is directed to appoint a full-time
Executive Director, who is authorized to employ
a staff of up to 12 people in carrying out the
Council’s duties under the act, and develop,
subject to Council approval, rules and regula-
tions needed to carry out the Act’s purposes,
The law authorizes the appropriation of $500,000
for fiscal year 1985, and thereafter, such sums
as maybe necessary. As mentioned, Title II au-
thorities will expire at the end of fiscal year
1990 unless specifically extended by Congress.

The Council, among other things, will: 1) as-
sist in establishing responsibilities and provide
for coordination and implementation of criti-
cal materials policies (including research and
technology) among Federal agencies; 2) bring
materials issues deemed critical to the Nation’s
economic and strategic health to the attention
of the President, Congress, and the general
public; and 3) ensure continuing consultation
with the private sector in matters related to crit-
ical materials; materials research, de-
velopment, and use; and Federal materials
policies.

In accomplishing these responsibilities, the
Council is to review and appraise Federal
agency programs to determine the extent to
which they contribute to achieving the policy
and directions given by the 1980 National
Materials and Minerals Policy, Research and
Development Act. It is also to be involved in
recommending budget priorities to the Office
of Management and Budget (OMB) for mate-
rials activities by each Federal agency and de-
partment.

By April 1, 1985, the Council was to submit
to Congress a report on critical materials inven-
tories, and prospective needs for these mate-
rials by government and industry, One com-
ponent of this report is to be a long-range
assessment, prepared in conjunction with
OSTP, on prospective critical materials prob-
lems, and to advise about how to address these

problems. The Council is to review and update
its report and assessment as appropriate, and
is to report to Congress at least biennially. The
Council is also to recommend to Congress
changes in current policies, activities, and reg-
ulations, as well as new legislation, needed to
achieve the intent of Public Law 98-373, and
Public Law 96-479.

The Council is given a major role in devel-
oping and overseeing the national Federal pro-
gram for advanced materials research and
technology called for by the Act. It is to estab-
lish a Federal program plan for R&D in this
area, identifying responsibilities for carrying
out the research and providing for coordina-
tion among the Office of Management and
Budget, the Office of Science and Technology
policy, and other appropriate agencies and
offices. The Council is to annually review, and
to report to Congress, on the Federal R&D plan.

The Council is to annually review the mate-
rials research, development, and technology
authorization requests and budgets of all Fed-
eral agencies to ensure close coordination of
program goals and directions with policies de-
termined by the Council. The Office of Man-
agement and Budget is to consider authoriza-
tion requests in these areas as an “integrated,
coherent, multiagency request” to be reviewed
by the Council and OMB for its adherence to
the national Federal materials program plan in
effect for that fiscal year.

To promote innovation in the basic and ad-
vanced materials industries, the Council is to
evaluate and make recommendations about
establishing Centers for Industrial Technology
as provided for by the Stevenson-Wydler Tech-
nology Innovation Act of 1980, which is dis-
cussed subsequently. The activities of such
nonprofit centers, initially funded by Govern-
ment but intended to become self-sufficient af-
ter 5 years, would focus on generic materials
research.

The Council is directed to establish, in co-
operation with other agencies and private in-
dustry, a mechanism for the efficient and
timely dissemination of materials property
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data. This is intended to promote innovation
and better use of materials in design. Possible
establishment of a computerized material prop-
erty data system (using existing resources to
the extent practicable) is to be considered.

Public Law 98-373, like Public Law 96-479 be-
fore it, is in many respects process-oriented leg-
islation, intended to give the Executive Office
of the President key responsibilities for criti-
cal materials policy. Within the framework
established by the law, the executive branch
is given considerable discretion and flexibility
to establish goals, objectives, and priorities for
critical and advanced material programs. The
law, for example, does not specifically define
the terms “advanced materials” and “critical
materials, ” but instead uses the broad defini-
tion of materials provided by public Law
96-479.

Defense Production Act (50 U.S. C. 2061 et seq. )

Enacted in 1950, the Defense Production Act
(DPA) provides several mechanisms for assur-
ing availability of materials and industrial
capabilities needed for the national defense.
Title I authorizes government priorities for al-
location of materials in a congressionally or
presidentially proclaimed national emergency
or war.

Title 111 authorizes the President to support
private activities which would expedite “pro-
duction and deliveries or services” in aid of na-
tional defense. Loans and loan guarantees are
authorized for expansion of capacity, develop-
ment of technological processes, or the produc-
tion of essential materials, including explora-
tion, development, and mining of strategic
metals. Purchases and purchase commitments
are authorized for metals, minerals, and other
materials for government use or resale. The
President is also authorized to “make provision
for the development of substitutes for strate-
gic and critical materials” when “in his judg-
ment it will aid the national defense. ” Materials
considered excess to DPA requirements can be
transferred to the national stockpile. Title 111
assistance can be used both domestically and
abroad.

In its 1984 reauthorization of DPA (Public
Law 98-265), Congress established new proce-
dures for authorization of Title III projects
which apply when a congressionally or presi-
dentially declared national emergency is not
in effect. Among other things, the law requires
the President to determine that federally sup-
ported projects meet essential defense needs
and that the Federal support offered would be
the most “cost-effective, expedient, and prac-
tical alternatives for meeting the need, ” The
law requires “industrial resource shortfalls” for
which Title 111 assistance is sought to be iden-
tified in the budget (or budget amendments)
submitted to Congress. If more than $25 mil-
lion in aggregate Federal assistance would be
entailed to meet the industrial resource short-
fall, specific authorization by law would be re-
quired.

Historically, DPA has been used primarily to
encourage mining of strategic minerals in this
country and abroad. The instruments provided
in the law, however, could potentially be used
for development of substitutes, advanced recy-
cling technologies and other technical innova-
tions considered desirable for national secu-
rity. In addition, DPA is now viewed as a
means to secure supplies and essential proc-
essing capabilities for advanced materials
needed for defense purposes.

Strategic and Critical Materials Stock Piling
Revision Act (Public Law 96-41)

In 1979, Congress revised and updated prior
laws related to the National Defense Stockpile
through enactment of Public Law 96-41. The
law resolved several issues related to chang-
ing executive branch strategies for stockpile
management among successive administra-
tions. Among other things, it stated that the
stockpile was for the purpose of national de-
fense only, and established a statutory stock-
pile goal of having a 3-year supply of materials
on hand to meet national defense, industrial
and essential civilian needs in a national de-
fense emergency or war. It also established a
stockpile transaction fund so that sales of ex-
cess materials could be used to acquire new
materials consistent with stockpile goals.
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Several provisions in the Stockpile Revision
Act have indirect relevance to government sup-
port of private activities related to strategic
materials. The law calls for maximum feasible
use of competitive procedures for stockpile ac-
quisitions; however, waivers are authorized,
and this could provide a basis for supply diver-
sification on an ad hoc basis.

The law authorizes upgrading of already
stockpiled materials through refining and proc-
essing so that they will be in the form most
suited to current needs. This has prompted the
considerable interest of domestic processors.
A panel of the American Society for Metals
(AS M), for example, recommended in August
1983 that sufficient quantities of substandard
cobalt from the stockpile be provided to indus-
try in order that it could test capabilities to up-
grade the material to current standards,’ Of the
46 million pounds of cobalt in the stockpile,
40.8 million pounds were acquired in the 1947-
61 period. More stringent requirements and
consumer specifications have made much of
this cobalt inadequate to meet today’s demand-
ing requirements for many critical applications
unless the cobalt is upgraded. The ASM panel
recommended pilot tests with cooperating pri-
vate firms to identify preferred procedures to
upgrade the cobalt quality so that it could be
used immediately in a crisis. The recommen-
dation is under consideration by the General
Services Administration (GSA) and Federal
Emergency Management Agency (FEMA).

As in the prior stockpiling law, the 1979 Act
calls on the President to make “scientific, tech-
nologic and economic investigations” concern-
ing ‘‘development, mining, preparation, treat-
ment and utilization of ores and other mineral
substances , . .“ These investigations, delegated
by the President to the Secretary of the Interior,
are to be carried out to determine and develop
“new domestic supply sources; devise meth-
ods for treatment and use of lower grade ores
and mineral substances; develop substitutes for
essential ores and mineral s.” Investigations

may be carried out on public lands, and with
the consent of the owner, on private lands “for
the purpose of exploring and determining the
extent and quality of deposits of such minerals,
the most suitable methods of mining and bene-
ficiating such materials, and the cost at which
the mineral or metals may be produced.’”

Stevenson-Wydler Technology Innovation Act
of 1980 (Public Law 96-480)

The Stevenson-Wydler Act is intended to
promote development and diffusion of new in-
dustrial technologies in the United States. The
law gives the Secretary of Commerce, in co-
operation with other relevant agencies, key
responsibilities in stimulating transfer and
diffusion of information about federally funded
technology development to the private sector
and to State or local governments. It requires
each Federal laboratory to establish an Office
of Research and Technology Applications to
facilitate information transfer about activities
within the lab that have potential for success-
ful application by industry. In addition, the law
established a central Federal clearinghouse
(called the Center for Utilization of Federal
Technology) to collect and disseminate infor-
mation about federally owned or originated
technologies. (This function has been assigned
by the Commerce Department to the National
Technical Information Service. )

The Act also directed the Secretary of Com-
merce to assist in the establishment of “centers
for industrial technologies’’—centers affiliated
with university or nonprofit institutions set up
to enhance technological innovations, The Rea-
gan Administration, on November 17, 1983, re-
voked rules for making grants for such centers.
At the same time, it also promulgated rules for
a program for promotion of private sector in-
dustrial technology partnerships, indicating
that this program was intended to supercede
the generic technology center program.7 The
new Administration program provides infor-
mation support to industrial technology part-

0 f’uh] i(: 1,aw  96-41, sr(, 8[ a ]. This  pro~is  ion is a cent i nuat  io n

of similar pro~’ision~  in prior stockpiling laws.
7F’edcral  Rcgi.stcr, Irol. 48, Nro.  223, N o~r. 17 ,  1983,  p .  52289.
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nerships and cooperative R&D arrangements
of corporations, nonprofit organizations, and
government.

The Stevenson-Wydler Act also directed the
National Science Foundation (NSF) to assist in
the support of “centers for industrial technol-
ogy” under the Act. According to a 1984 Ad-
ministration report on implementation of Pub-
lic Law 96-480, NSF’s previously existing
program of support for university/industry co-
operative research centers is being used to meet
the requirements of the Act in this respect.8

—.—. ——
‘Secretary of Commerce, The Stevenson- Wydler  Technology

innovation Act of 1980, Report to the President and Congress
(Washington, DC: U.S. Department of Commerce, February
1984). According to the report, which was required by Public

The newly enacted National Critical Mate-
rials Act of 1984 directs the National Critical
Materials Council established by this law to
evaluate and make recommendations about
establishment of Centers for Industrial Tech-
nology to promote innovation and increased
productivity in basic and advanced materials
industries. Among the activities identified for
possible Center involvement were corrosion,
welding and joining of materials, advanced
processing and fabrication technologies, mi-
crofabrication, and fracture fatigue.

Law 96-480, the National Science Foundation, in fiscal year 1983,
was supporting eight university/industry centers, including two
centers on polymers, one on ceramics, and one on welding.

Formulation of Strategic Materials Policy

In formulating long-term technical
for reducing import dependency, the

strategies
full range

of available-options, on a material-by-material
basis, must be considered. In some instances,
there may be several options available for each
material. These options could potentially ease
import vulnerability, but entail different costs
and different levels of security. In the case of
cobalt, import vulnerability could be reduced
in several ways, including domestic produc-
tion, recycling, and substitution. Domestic
production, for example, could make a major
contribution to domestic cobalt supplies, with
complete supply security, but only at a cost to
the government (at 1983 prices) far higher than
simply purchasing cobalt for the stockpile from
world markets. Other options, such as devel-
oping promising recycling technologies to the
point where they could be used by industry
would cost less, but would also entail greater
risk, since it cannot be certain that a given re-
search technology will be commercially viable.
It is noteworthy that the implementation of
these and other technical approaches to reduc-
ing cobalt import vulnerability all
creased government support.

In other instances, as in the case
substantial long-term reductions in 

entail in-

of PGMs,
import vul-

nerability may be achievable with little govern-
ment action, Private industry is already well-
positioned to take advantage of the growing in-
ventory of PGMs that could be recycled from
automotive catalysts as cars are scrapped; and,
with some limited increase in PGM prices,
nearly 10 percent of current domestic needs
could be provided from one U.S. site, with ad-
ditional production possible from other sites
in the longer term. Continued monitoring of
industry trends will be needed, but unless one
assumes that a PGM supply disruption is likely
in the near term, government action to encour-
age recycling or domestic production is prob-
ably not needed at this time.

Experience has shown that development of
overall Federal strategies to reduce import vul-
nerability is a highly complex task. Several Fed-
eral agencies have important research respon-
sibilities in the materials field, including the
Departments of Defense, Interior, Energy, and
Commerce; and the National Aeronautics and
Space Administration (NASA). FEMA has lead
agency responsibility for coordination of stock-
pile planning, and GSA administers it. Many
other Federal departments and regulatory
agencies have indirect effects on materials pol-
icy through tax policies, regulation of com-
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merce, environmental protection, Federal land
management, antitrust enforcement, patent
policy, foreign affairs and trade policy, and
other activities. (Selected executive branch
agencies with direct responsibilities for stra-
tegic materials are shown in table 8-3.)

This decentralization is, to a certain extent,
unavoidable, and may even be desirable, but
it has made the job of formulating strategic
materials policy difficult for both Congress and
the executive branch. Congress itself has many
different committees with jurisdictional areas
related to strategic materials, including (among
others) House Committees on Armed Services;
Banking, Finance, and Urban Affairs; Science
and Technology; and Interior and Insular Af-
fairs; and Senate Committees on Armed Serv-
ices; Banking, Housing, and Urban Affairs;
Commerce, Science, and Transportation; and
Energy and Natural Resources. Appropriation
subcommittees are even more diverse.

Through enactment of the National Critical
Materials Act of 1984 and the National Mate-
rials and Minerals Policy, Research and Devel-
opment Act of 1980, Congress has firmly
placed statutory responsibility for coordinat-
ing Federal agency activities and decisionmak-
ing with regard to strategic materials research
in the Executive Office of the president. The
policy planning and coordination procedures
required by the 1980 Act, together with the stat-
utory establishment of the National Critical
Materials Council “under and reporting to” the
Executive Office of the president by the 1984
Act, may in time provide coordinated and co-
herent strategies to guide Federal agency activ-
ities to reduce import vulnerability.

As the Administration begins to implement
its new mandate, congressional oversight of the
Administration’s progress in the continuing
implementation of both the 1980 and 1984 laws
will be important. Both laws give the Admin-
istration considerable flexibility and latitude
in developing strategies to address strategic
materials issues. They are oriented towards de-
velopment of effective processes to formulate,
coordinate, and implement materials policy
programs, and by and large do not dictate sub-
stance. This flexibility could lead to highly

innovative initiatives in the materials field, but
it also means that continuing congressional
guidance may be needed at times to assure that
the intent of the the two laws is met.

OTA’s analysis of oversight issues has fo-
cused on two specific issues that may be par-
ticularly relevant as the Administration begins
to implement the 1984 Act: establishing policy
goals, objectives, and priorities for strategic
materials, and upgrading information about
Federal strategic materials R&D activities as a
key step in interagency coordination. These is-
sues are discussed below and are summarized
in table 8-4.

Goals, Objectives, and Priorities of
Strategic Materials Policy

A long-term commitment is needed if tech-
nical approaches to the reduction of strategic
materials vulnerability are to succeed. More-
over, the combination of technical approaches
effective for one material will often be inap-
propriate for another. Recognition that effec-
tive planning and policy formulation proce-
dures by the executive branch were needed to
develop coordinated goals, objectives, and
strategies for materials research led to enact-
ment of the National Materials and Minerals
Policy, Research and Development Act of 1980.
However, the expectation that this law would
lead to an effective policy structure for coordi-
nation of strategic material activities through-
out the government has not been fully realized,
as has been discussed.

With adoption of the National Critical Ma-
terials Act of 1984, prospects for improving the
executive branch policy structure will hinge to
a considerable extent on the effectiveness of
the new National Critical Materials Council in
the Executive Office of the President. Section
205(a) of the law gives the Council “specific
responsibility for overseeing and collaborat-
ing” with Federal agencies and departments
“relative to materials research and develop-
ment policies and programs. ” In this role, the
Council is mandated to annually review both
the authorization requests and budget pro-
posals of all Federal agencies conducting ma-
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Table 8-3.—Selected Federal Agencies With Strategic Material Responsibilities

Off Ice of T echnology Assessment
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Table 8-4.—PoIicy Alternatives for Formulation of Strategic Materials Policy

Arguments for/against

Problem/issue Option Positive Negative

1. The executive branch has had
difficulty in establishing
overall goals, objectives, and
priorities for strategic
materials R&D policy. As a
result, Federal agency
activities are not guided by a
coherent, overall strategy for
long-term reduction in import
vuInerability.

2. Federal R&D activities related
to strategic materials are
dispersed over a large
number of agencies. To co-
ordinate R&D policy, conduct
oversight and establish
priorities, improved survey
information is needed.

Direct the National Critical - — .

Materials Council estab-
lished by Public Law
98-373 to develop a long-
term strategy for
Federal strategic
materials activities, in-
cluding goals and objec-
tives by which individual
agency activities can be
monitored. The multi-
year strategy could be
revised on a 4-year
basis by the Executive
Office of the President,
giving Congress the op-
portunity to review pro-
gress, provide guidance
and clarification as
needed.

Clear direction for strategic
materials policy and long-
range plans to address
specific material needs is
required to give contin-
uity and ensure appro-
priate follow-through for
strategic material
research.

Overly specific congres-
sional guidance could
result in inflexible agen-
cy response. Periodic
revision of the overall
strategic materials plan
could lead to excessive
time and expenditures
devoted to policy form-
ulation and planning
activities.

Instruct the National
Critical Materials Coun-
cil to give high priority
to section 209(a)(3) of
Public Law 98-373 which
calls for cataloging R&D
activity as fully as pos-
sible. Such a catalog, if
undertaken on a mater-
ial-by-material and
objective-by-objective
basis, with updates on a
regular schedule, would
be useful in the budget
review activities of the
council and would help
identify progress
towards meeting goals.

Would give decisionmakers
information needed to
monitor multi-agency
responses to overall
strategic material goals,
identify areas of overlap
or duplication of effort,
and areas where insuffi-
cient R&. D is conducted.

*

Could lead to overempha-
sis on strategic
materials R&D to the
detriment of other
needed materials
research in agency R&D
program planning.

SOURCE Off Ice of Technology Assessment.

terials R&D to “ensure close coordination of
the goals and directions of such programs with
the policies determined by the Council. ” This
process is to be coordinated with the Office of
Management and Budget, which is to consider
material budget proposals as a coherent multi-
agency request. The new law requires the
Council to prepare and annually revise a Fed-
eral program plan for advanced materials R&D.

It seems unlikely that the Council will be able
to succeed in its coordinating functions unless
it is able to articulate overall goals, objectives,
and priorities that could guide strategic mate-
rials R&D policy. One important question is
whether Federal research objectives should be

set broadly—i.e., strategic materials in gen-
eral—or should be targeted as closely as prac-
tical to those materials considered to be most
vulnerable. By and large, the approach taken
over the years, and which still prevails, is to
address strategic materials in a generic sense.
This allows agencies to adopt a flexible ap-
proach in their research programs, but with-
out centralized administration guidance, it also
results in diffusion of efforts among many
materials.

An alternative approach would be for the
Council to give greatest priority to those ma-
terials that are most vulnerable to a supply dis-
ruption and most critical to the United States.

38-844 0 - 85 - 12 : QL 3
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Such an approach presents some problems.
First, one cannot know in advance which ma-
terials will actually be subject to a supply
disruption, so a danger exists that the wrong
materials will be targeted. Inflexible adminis-
tration and rigid adherence to outdated objec-
tives and strategies could also be potential
problems. Furthermore, much materials re-
search is not specific to individual metals, and
such research might not receive support if
forced into a material-by-material evaluation
in determining support for R&D activities.
However, viewed as a policy tool for establish-
ing overall Federal goals and objectives and for
selecting among alternative strategies for
achieving them, the material-specific approach
could give a clearer sense of direction to Fed-
eral efforts to combat materials vulnerability.9

An effective strategy, therefore, might very well
involve a combination of both the generic and
material specific approaches to achieve the ob-
jective of reduced import vulnerability.

Federal program planning for strategic ma-
terials needs to reflect long-term objectives,
while still being adaptive and flexible in light
of changing circumstances. The 1984 Act’s
budget review mechanism in theory provides
a vehicle for infusing a longer term perspec-
tive into agency planning than is provided by
the annual budget-setting process.

This connection is most explicit in the case
of advanced materials R&D, through Public
Law 98-373’s requirement that the Council de-
velop and annually revise a Federal program
plan for advanced materials research and tech-
nology. The law itself does not specify the com-
ponents of this plan, nor does it specifically de-
fine the term “advanced materials.” However,
the House Committee on Science and Technol-
ogy, in its report on the bill, indicated its in-
tention that the plan include at least four ele-
ments, including “a listing of major existing
Federal material research and technology pro-
grams—to include existing funding and goals
as well as proposed funding levels over the next

gThe  need for material specific approaches to reduce export
vulnerability has been discussed by the U.S. General Account-
ing Office, Report to the Secretary of Interior (GAO/EMO-82-
69), June 3, 1982.

5 years.” Other plan elements identified by the
Committee were: “an assessment of current na-
tional materials research and technology needs
and problems . . . identification of priorities for
research to address those needs or problems, ”
and “recommendations for program initiatives
and changes to meet policies and goals as set
forth by the Council.”10

While the law may not explicitly require such
a plan for strategic materials R&D, such an
approach might well be effective should the
Council choose to pursue it. If a more active
congressional role is desired, one option (table
8-4, issue 1) would be for the executive branch
to prepare and submit to Congress a multi-year
strategic materials plan of action on a periodic
basis–say once every 4 years. Congress would
then have the opportunity to review the plan’s
goals and objectives, along with specific meas-
ures and estimated funding levels needed to
achieve them.

The multi-year plan could then serve as a
kind of benchmark by which the Council and
Congress could evaluate annual budget re-
quests with respect to strategic materials R&D
activities. In reviewing the plan, Congress
could give the Council and the Executive Of-
fice of the President–which have overall
responsibility for materials coordination—
additional guidance on specific issues related
to the multi-year plan.

Structured into the Act is considerable op-
portunity for congressional review and over-
sight of the Council’s activities, through its
biennial reporting on critical materials to Con-
gress, its annual reporting to Congress on the
national Federal advanced materials program
plan, and its charge to recommend, when
appropriate, changes in current policies, activ-
ities, and regulations, and additional legislation
that may be needed to carry out materials
policy.

In the end, the selection of a framework for
policy formulation depends on the extent to
which Congress wishes to be involved in set-
ting the overall direction, goals, and objectives

IOHouse Report 98-593, Part I, pp. 38-39.
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for strategic materials policy, and the extent
to which it wishes to delegate that function to
the executive branch. Establishment of the Na-
tional Critical Materials Council, and the con-
tinuing planning processes required by the
1980 Act, clearly provides legislative authori-
zation for effective policy planning by the ex-
ecutive branch. However, without legislative
oversight and guidance when needed, there is
no assurance that current or future adminis-
trations will fully use these policy tools to ef-
fectively formulate executive branch strategic
materials policies.

Providing Information About Federal Research
and Development Activities

A sustained program of Federal R&D will be
the cornerstone of any long-term strategy to re-
duce U.S. materials vulnerability using the
technical alternatives considered in this report.
In the last decade, strategic materials R&D has
received increased emphasis, and recent levels
of research funds appear to be quite healthy,
However, concern exists about the adequacy
of current coordination mechanisms at the in-
teragency level, especially as they relate to the
formulation of policy.

The Federal Government is the primary
sponsor of R&D activities related to strategic
materials. It is also the primary sponsor of
basic and applied research related to develop-
ment of advanced materials. This is consistent
with the administration’s position that Federal
support for R&D should focus on high-risk or
long-term areas that may not otherwise be ad-
dressed by industry.

In fiscal year 1980, about 4 percent ($67 mil-
lion) of the total Federal materials R&D budget
was directed at strategic materials (excluding
advanced materials) .11 As shown in tables 8-5
and 8-6, nearly 40 percent of this budget was
for chromium research, followed by aluminum,
titanium, nickel, and cobalt. Most of this re-

search was conducted or sponsored by DOE
national laboratories, the Bureau of Mines,
NASA, the National Bureau of Standards
(NBS), and various components of the Defense
Department.

Fiscal year 1980 was the last year for which
the executive branch has published compre-
hensive information about strategic materials
R&D activities on a material-by-material basis.
Detailed information of the sort portrayed in
the tables have not been issued for subsequent
years on a governmentwide basis. However, it
appears that strategic materials R&D has not
been greatly affected by the general trend
toward reduction of research budgets that has
affected other areas, although some strategic
materials programs (e.g., NASA’s conservation
of strategic aerospace materials program) have
been cut back.

Federally funded R&D has been the driving
force behind the development of advanced
materials. Total Federal expenditures for struc-
tural ceramics R&D were $23 million in fiscal
year 1982.12 By fiscal year 1984, Federal ex-
penditures had grown to over $40 million. Re-
cent figures are not available about composite
R&D funding. However, in fiscal year 1980,
over $80 million in composites R&D were ex-
pended by Federal agencies. Advanced mate-
rials R&D activities are undertaken by several
Federal agencies, including the Department of
Defense, NASA, DOE, NBS, and the National
Science Foundation.

A central thrust of both the National Criti-
cal Materials Act of 1984 and the National
Materials and Minerals Policy, Research and
Development Act is to establish a mechanism
that would replace ad hoc materials and min-
erals decisionmaking within the executive
branch with a coordinated Federal R&D pol-
icy. As mentioned, the President’s 1982 mate-
rials plan reestablished COMAT under the di-
rection of the Federal Coordinating Council on
Science, Engineering and Technology (FCCSET)
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Table 8-5.—Distribution of R&D Funding for Critical Materials by Materials and by Technology Goal* ($1000)

‘NOTES Funds may be attributed to more than one goal, where appropriate, upper amounts “direct” program funding for research pnmarlly  to Indicated category,
lower amounts “’related” program funding directed  tu the categories, but with slgnlflcant potential for Impact  In the lndlcated  category,

tl Department of Energy
2 Department of Defense
3 Department of the Interior
4 Department of Commerce
5 Natlonai  Aeronautics and Space Admlnlstratlon.

SOURCE U S Department of Commerce, Survey Ma feria/s  Life  Cyc/e  Research and Development /n tbe Federa/  Government Flsca/  Year 7980 (N BSIR 81-2359 DOE,
September 1981) The above table may not reflect all Federal funding of research that affect strategic materials For example, Department of Defense sup-
port for surface modtficatlon technologies, near. net shape technologies, and retirement for cause research are not Identlfled  In the substitution and conser
vatlon  columns of the table These programs could result In savings of chromtum,  cobalt, nickel and other strategic materials.

for the coordination of Federal materials and ●

minerals R&D activities, directing:

●

●

Assistant Secretary-level representation ●

from the departments and agencies con-
cerned with minerals and materials;
the incorporation into COMAT of the De-
partment of Defense Material Availability s
Steering Committee and the Interagency
Materials Group;

establishment of a working panel within
COMAT to coordinate Federal R&D on es-
sential materials;
establishment of a formal mechanism
within COMAT for information exchange
among agency managers of materials R&D
programs; and
policy resolution of materials R&D ques-
tions through the Cabinet Council on Nat-
ural Resources and Environment.
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Table 8-6.— Distribution of Critical Materials R&D Funding by Stage of the Materials Cycle* ($1000)

Exploration
of

resources Extraction

I Chromium I 151 I -
— —

Aluminum 121 —
— —

Niobium 32 —
— —

Cobalt 120 306
30 106

—
Titanium 51 —

I l–l–\
P la t i num 38

— —

Manganese 55 251
30 106

I Nickel I 120 I 251
30 243

Lead 92 —
— —

Tantalum
I l–l–

I Iron ore
I

—

I

.
— —

Tungsten 57 —
—

I Direct I 837 I 808
Related 90 455

“ NOTES Funds may be attributed to more than one
lower amounts related program funding

SOURCE U S Department of Commerce Survey

Processing Manufacture A p p l i c a t i o n
r a w and and

mater ia ls fabr icat ion ut i I izat ion

550 I 10,300

I
60,050— 420 100

1,555
I

1,000
I

3,000
— — —

180 2,000 3,000
— 200 200

825 810 1,000
381 420 113

250 300 1,000
210 200 200
500

I
200 I 500

— — —

660
I

—

I

—
324 200 313

950 I -1 -

— — —
— 100 200
— 200 200

840
I I

—
— — —

470 I — I
430 — —

6,830 15,210 69,350
1,469 1,640 1,239

goal, where appropriate, upper amounts direct
directed to the categories, but with slgnlf!cant

I terta /s L //e Cycle  Research and  Deve/opfnen(  /1

September 1981 I

COMAT was directed to perform an inven-
tory of Federal research and technology activ-
ities that would be useful for interagency co-
ordination and for assessing national materials
needs and objectives. The data acquired from
this inventory would be used by the Cabinet
Council to aid in policy decisions pertaining
to R&D.

COMAT’s report, “Inventory of Federal Ma-
terials Research and Technology, ” was issued
in June 1983.13 Unlike the survey done for fis-
cal year 1980, funding levels for strategic
materials research are not separately addressed

1 1~’()[~()r[~ (:fx)r[~l  n~i 11]:  ( :(}L]I1(; i] for S(:ien[, e, Engineering, and
‘rechnolog~  (;ommittw o n  \laterials,  ZII  ten tor~ of 1+’ederal
,I!ateria]s  R e s e a r c h  and  ‘1’cchnologj.: Fiscal  J’ear  1982 O$’ash-
i ngtorl, 11(;: Exe(,ut i~w of fi( f! of the l)resident,  office of Science
an(l ‘1’echnolc)g}  P(Ji(:y, ]LIII(’ I’18:1).

Evaluation Development
of of Waste

properties materials management Totals

15,570
I

31,616
I

260
300 I

118,492
— 70 890 I

5,000 500 — 11,176
— — — —

1,000 4,000 — 10,212
500 — 70 920

1,190 1,270 397 5,918
100 530 84 1,764

1,000 1,050 — 3,651
500 300 — 1,410

1,000
I

680
I

—

I
2,918

— — 150 150 Ii
1,000 300 247 3,003

— — 288 661

500 860 397 2,788
500 230 293 2,133

— — 265 1,307
— — — —

500 200 1,000

500 — 900

— — — 640
— — 280 280
— 125 — 652
— — 430

26,760 40,601 1,566 101,962
2,100 1,360 1,235 9,588

program funding for research prlmarl  Iy to lndtcated  category
otentlal for Impact  In the Ind Icated  category

the Federa/  Governmen(  F/sea/ Year  1980 (N BSIR 81 2359 DOE,

or even identified. Nor does the 1983 report
group Federal R&D activities by specific ma-
terial (e. g., cobalt, chromium) or by program
objective (e.g., minerals development, recycl-
ing). Instead, the 1983 inventory lists  overall
materials program funding levels for fiscal year
1982 and estimated expenditures for fiscal year
1983 on an agency-by-agency basis. Since the
1983 inventory does not identify strategic
materials research activities, it is of virtually
no use as a policy tool in the development of
material-specific objectives and policies for
R&D.

Moreover, COMAT apparently has not taken
action to assure that individual agencies keep
track of strategic materials research activities
on an agencywide basis, COMAT representa-
tives from several Federal agencies were con-
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tacted by OTA to determine whether detailed
agencywide information on strategic materials
funding had been compiled independently for
fiscal year 1985. Some agencies provided this
information at a relatively detailed level, but
one major department was able to provide only
a partial answer. In this case, OTA was told
that it would take 3 to 6 months to perform a
strategic material R&D inventory if given a for-
mal request.

It would appear, therefore, that COMAT has
not established an effective mechanism to track
and report on interagency strategic materials
research activities, The need for such informa-
tion in R&D policy formulation is widely rec-
ognized as a key step in establishing effective
coordination of all Federal activities related to
strategic materials research, In fact, the 1984
National Critical Materials Act calls on the Ex-
ecutive Director of the National Critical Ma-
terials Council to catalog, “as fully as possible,
research and development activities of the Gov-
ernment, private industry, and public and

private institutions” (Public Law 98-373, sec.
209(a)(3)). Such information will indeed be crit-
ical if the Council is to effectively exercise its
new responsibility for coordination and review
of Federal strategic materials activities. Con-
sistent with the premise that the executive
branch should have considerable flexibility in
formulating materials programs and plans, the
Act does not specify a timetable for such cata-
log activities nor identify its content.

Certainly, if effective coordination of strate-
gic materials research were envisioned, infor-
mation equivalent in detail to the earlier (fiscal
year 1980) survey would be needed. Periodic
surveys of this sort would also be needed to de-
velop a multi-year executive branch plan of ac-
tion for strategic materials. Given the recent
difficulties the executive branch has had in de-
veloping such survey information, congres-
sional oversight and guidance may be needed
if the initial activities of the Council do not give
priority to developing a continuing tracking
system of this sort (table 8-4, issue 2).

Mineral Production and Processing

Currently, there is virtually no production of
cobalt, chromium, manganese, or PGMs from
domestic mines.14 However, prospects are good
for platinum and palladium production from
the Stillwater Complex in Montana, which
could provide about 10 percent of U.S. PGM
needs (as a percentage of 1982 consumption)
if prices increase somewhat, as well as much
larger amounts of PGM if it becomes feasible
to open other sites, (The decision whether to
go ahead with an initial mining project is ex-
pected to be made in 1985,) In addition, more
than 10 million pounds per year of cobalt (5,000

lqAbout  2 percent of apparent domestic consumption of man-
ganese is contributed from manganiferious ore containing less
than 35 percent manganese, Platinum group metals have been
produced domestically in small amounts as recently as 1982.
I,arger  amounts of manganese and some chromium were
produced during the 1940s witb considerable Federal subsidy.
Substantial amounts of cobalt were produced under Federal sub-
sidy during the 1 950s. Cobalt was also produced in small
amounts as a byproduct of iron production until 1971.

short tons) could be provided for a 10- to 15-
year period if known domestic cobalt depos-
its were simultaneously developed, production
will not occur unless cobalt prices rise and are
sustained at appreciably higher levels than is
now the case, or unless the government pro-
vides a substantial subsidy. Domestic prospects
for production of chromium and manganese
production are not good, owing to the very
poor quality of known domestic deposits.

The United States heavily relies on a few
countries for its supplies of strategic materials,
To some extent, supply diversity could be broad-
ened through greater reliance on other coun-
tries which have known deposits of strategic
materials. Of the four metals under study, sup-
ply diversity is currently greatest for man-
ganese; greater diversity on manganese sup-
plies will probably depend on the willingness
of producers in Australia, Mexico, and Brazil
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to increase production for export markets. In
the case of chromium, expanded production
in Turkey, Albania, and the Philippines ap-
pears to be the primary near-term supply diver-
sification option; in the longer term, limited
amounts of chromite may be obtainable from
deposit types that are now untapped in the
Philippines and New Caledonia. Increased sup-
plies of cobalt maybe obtainable from Canada
as a byproduct of nickel-copper production.
Over the long term, cobalt may be obtained as
a byproduct from Pacific-rim nickel laterite de-
posits when future nickel demand justifies new
mine operations. Other than the U.S. Stillwater
deposit, significant diversification of platinum
supplies seems unlikely. (See table 5-3 of ch.
5 for a country-by-country ranking of supply
diversification prospects for each of the first-
tier minerals.)

OTA’s analysis of alternative policy actions
with regard to minerals production and proc-
essing focused on the following areas: poten-
tial of intensified exploration assistance to
locate new domestic deposits; possible govern-
ment subsidization of domestic production; tar-
geting of Federal programs to encourage diver-
sification of foreign supply sources; and
options for addressing problems associated
with declining domestic processing capabil-
ities. The options addressed are summarized
in table 8-7 and discussed below.

The emphasis in this assessment is on tech-
nological issues. Therefore, political issues
associated with competing values for Federal
land management are not addressed here.
Some Federal lands are under highly restric-
tive management policies which limit the cir-
cumstances and kind of exploration activities
that can be undertaken, and these restrictions
are seen by some exploration geologists as pos-
sibly inhibiting private initiatives to discover
new mineral deposits. In general, Federal lands
being considered for permanent addition to
such restrictive management systems as the
National Wilderness Preservation System are
given some mineral appraisal prior to desig-
nation. The reader is referred to a prior OTA

assessment, 15 in which alternative alternative
management strategies and policy issues asso-
ciated with mineral development on Federal
lands were comprehensively addressed, as well
as several other, more recent publications ad-
dressing mineral development issues and Fed-
eral lands.16

Exploration for Domestic Strategic Resources

The outlook for the discovery of commercial-
scale deposits of the first-tier strategic materials
in the United States is generally agreed to be
insufficient to generate more than minor inter-
est by most mineral developers. The U.S. Gov-
ernment spent considerable effort during and
after World War II in seeking high-grade do-
mestic deposits of manganese and chromium,
with only subeconomic deposits to show for
its efforts. Cobalt, while not sought directly, has
only been found in low grades and only as a
result of exploration for nickel, copper, lead,
and zinc. Platinum, the one successful case of
discovery of a commercial-grade deposit of a
first-tier material, is quite limited in terms of
total U.S. demand for PGMs.

Past failures, however, do not mean that
there is no possibility of discovering domestic
deposits of chromium, cobalt, manganese, or
PGMs. Past experience, however, makes explo-
ration less attractive for these materials than

15u. s. Congress, Office of Technology Assessment, ~anage-
ment of Fuel and Nonfuel Minerals in Federal Lands, OTA-M-
88 (Washington, DC: U.S. Government Printing Office, April
1979).leLegis]ative  statu5  of selected bills in the 98th Congress re-
lating to strategic minerals evaluation and Federal lands is pro-
vided in Strategic Materials Management, June 15, 1984. Pro-
cedures used in regional mineral appraisals on Federal lands
are discussed in John J. Schanz and John G. Ellis, Assessing the
Mineral Potential of the  Federal Public  Lands (Washington, DC:
U.S. Library of Congress, Congressional Research Service, 1983).
Recent Department of Interior activities related to Federal land
mineral evaluation potential are discussed in U.S. Department
of the Interior, Summary Report: US. Bureau of Mines Depart-
ment of Interior Programs and Studies Required by the National
Materials and Minerals Policy Act of 1980 (Public La w 96479)
(report submitted to the chairman of the Subcommittee on Trans-
portation, Aviation, and Materials, U.S. House of Representa-
tives Committee on Science and Technology, with cover letter
dated Nov. 10, 1983).
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Table 8-7.—Policy Alternatives for Exploration, Mineral Production, and Processing

Arguments for/against

Problem/issue Option Positive Negative

1.

2.

3.

Lack of industry interest in
exploring for domestic deposits
of strategic materials.

Known domestic strategic
material sources are economi-
cally noncompetitive, and
therefore not currently producing.

Magnitude of production
resources of existing concen-
trated foreign suppliers inhibit
development of alternate sources.

a. Improve the economics of
domestic deposits of stra-
tegic material resources
through tax incentives for
exploration and develop-
ment.

b. Reduce the cost of explora-
tion by increasing level of
detail obtained by govern-
ment resource assessments
and by conducting R&D to
improve exploration
technology.

c. Improve ability to predict
location of possible
deposits of strategic
material resources through
increased understanding of
ore formation processes.

Federal subsidies for
domestic mining.

a. Cobalt

b. PGM

c. Chromium and manganese

Use government resources
to expand foreign production
of strategic materials.

a. Improve information about
possible projects.

b. Reduce political risks to
U.S. private sector
investment.

c. International direct/indirect
aid to encourage foreign
projects.

Cost to government arises
only if deposits of strategic
materials are developed.
Costs are limited to tax liabil-
ity of those deposits.

Could reduce cost of identi-
fying areas of possible
deposits and allow industry to
conduct more exploration
within current exploration
budgets.

Could lead to location of
deposits that cannot be found
by current exploration equip-
ment or methods.

Assure domestic supply.
Reduce likelihood of disrup-
tion occurrence.

Could provide an assured
domestic supply of up to 10
million pounds per year over
10 to 15 years.

A relatively small subsidy could
assure near-term production
of 6 to 10 percent of U.S.
needs.

Subsidy would assure produc-
tion of Cr and Mn in lim-
ited amounts over relatively
short time period; might
encourage domestic explo-
ration activities.

Reduces likelihood of
successful supply disruptions.

Relatively inexpensive use of
resources.

Relatively inexpensive use of
resources.

While relatively expensive,
many foreign mining projects
are marginally economic and
could be less costly than
domestic subsidies. Aid can
be coupled with other
developing country needs.

Tax incentives can only
improve project economics by
several percentage points.
They cannot turn deposits
simiIar to known domestic
chromium, cobalt, and
manganese deposits into
profitable ventures.

Actions are not material-
specific and are unlikely to
result in increases in explora-
tion for strategic resources
unless coordinated with other
incentives.

Unlikely to result in discovery
of any deposits of strategic
materials resources until
greater scientific understand-
ing is achieved—a process
that could take many years.

High costs relative to pur-
chasing for stockpile on
world markets. No guarantee
that production period would
coincide with any supply
disruption.

At 1983-84 metal prices, a
substantial Federal subsidy
would be needed so that it
would be cheaper to buy
cobalt on world markets for
the National Defense
Stockpile.

Government action probably not
necessary. Market forces
alone are expected to pro-
mote domestic production —
possibly in the next 5 years.

Uneconomic nature of known
deposits would require high
subsidies: for Cr, two or more
times and Mn, seven times
market world prices.

Perpetuates reliance on foreign
sources. If actions are not -

targeted, option could pro-
mote competition for
nonstrategic domestic mining
industry.

Results tend to be limited and
difficult to foresee.

Targeting to specific minerals
is difficult. Results are
limited in weak mineral
markets.

As with domestic subsidies,
it would be less expensive at
current prices to purchase
from existing sources for
stockpile.
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Table 8-7.—Policy Alternatives for Exploration, Mineral Production, and Processing (Continued)

Problem O p t i o n

4 Decl in ing domest ic  fer roa l loy  ore a Government  subs id ies to
process ing capabi l i ty mainta in /develop capac i ty

along with ore sources
b Government  suppor t  fo r

modern izat ion e f for ts  and
R&D in emerging
technologies.

SOURCE Office of Technology Assessment

for other minerals, such as copper, lead, zinc,
or bauxite, for which there is a substantial rec-
ord of success to hearten investors.

The Federal Government generally partici-
pates in only the first of the four stages of pros-
pecting and exploration, that of wide-scale
reconnaissance (table 5-2, ch. 5). Information
obtained at this stage helps prospectors select
areas for more detailed survey but is unlikely
to locate signs of a specific deposit. In view of
the prevailing industry belief that commercially
competitive deposits of the first-tier strategic
materials are unlikely to be discovered, an in-
crease in general information would probably
be insufficient in and of itself to encourage
more intensive exploration for these specific
materials, although such information may in-
deed encourage exploration for other metals.

To increase the potential for discovery of do-
mestic deposits of first-tier materials, the po-
tential profitability of deposits must increase,
the cost of exploration must decrease, or the
likelihood of success of exploration must in-
crease. Further, in order to be efficient in the
use of Federal resources, actions directed
toward these goals should be material-specific.
Table 8-7, issue 1, identifies three approaches
which could be taken.

The first possibility, increase of profitability
of potential deposits, could be approached
through tax policy (e.g., increasing the percent-
age depletion allowance for specified mate-
rials), through exploration loans that have re-
duced rates or reduced principal when they
lead to the discovery of deposits that eventually
lead to commercial exploitation, and through
mining and metallurgy R&D directed specifi-

Arguments for/against

Posi t ive

Assures process ing capabi l i ty
in time of emergency need.

Improves productivity and
therefore  compet i t i ve  pos i t ion
of domestic Industry. Could
target development of flexible
product ion capac i ty ,

Negative

Creates excess global supply.

Closure of some remaining
facilities continues with job
loss in near term.

cally at reducing the cost of exploiting depos-
its for the first-tier materials as they are likely
to be found in the United States.

The second approach would be for the Fed-
eral Government to undertake, either directly
or through contract with private firms, more
detailed prospecting activities, again directed
at specific types of mineral deposits. This ap-
proach could also include the development of
improved exploration equipment and tech-
niques, such as the development of geophysi-
cal techniques for locating sedimentary man-
ganese deposits, more portable and accurate
equipment for geochemical analysis, and lower
cost core-drilling equipment.

The third approach, increasing the likelihood
of success of exploration, could combine cur-
rent data collection and analysis procedures
with intensified research into the processes of
formation of deposits of strategic materials,
with the goal of improving the ability to iden-
tify areas most likely to have deposits of spe-
cific first-tier strategic materials. Predictive ge-
ology, based on theories of the formation of
mineral deposits, is in its infancy and certainly
a long-term approach to strategic materials
supply issues.

Domestic Production of Strategic Materials

As discussed in chapter 5, known domestic
deposits of first-tier strategic materials cannot
support profitable minerals production at cur-
rent prices, Nonetheless, domestic production
could make a contribution to domestic mate-
rial supplies. Of the materials under study, po-
tential contributions to material supplies (as a
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portion of U.S. requirements) varies from mod-
erate to large in the case of PGMs and cobalt
to small, in the case of chromium and man-
ganese,

Several potentially exploitable PGM depos-
its exist, the largest of which are located in the
Stillwater Complex in Montana. Commercial
production of PGMs from one site in the Com-
plex is now under evaluation by a private firm.
Other than monitoring progress at the Still-
water site, there appears to be no pressing need
for government involvement in this project at
this time. It has been estimated that, if a deci-
sion to go ahead is reached, about 2 years lead
time would be necessary before the mine would
produce PGMs. At current prices, domestic
production of the other first-tier materials
would require a Federal subsidy.

The Federal Government can subsidize—and
sometimes has subsidized—domestic produc-
tion of strategic materials. During World War
11 and the Korean war, the United States was
able to obtain some of its chromium, manga-
nese, and cobalt supplies through heavy sub-
sidization of production from limited domes-
tic deposits. Between 1948 and 1962, about 14
million pounds of cobalt were produced do-
mestically under Federal subsidy.17 When Fed-
eral contracts expired, most domestic produc-
tion ceased.18

Recent concern about strategic materials has
rekindled interest in domestic production sub-
sidies through Title III of the Defense Produc-
tion Act (table 8-7, issue 2). Title III provides
several instruments (loans, loan guarantees,
guaranteed prices, or purchase commitments)
that could be used to support industrial proc-
essing and production of strategic materials.

Possible subsidization of domestic cobalt pro-
duction was among an initial list of Adminis-
tration projects proposed for possible Title III
assistance during congressional debate about

ITJarneS C. Burrows,  cobalt: ArI Industry Analysis, a Charles
Rivers Associates Research Study (Lexington, MA: Heath Lex-
ington Books, 1971), p. 111.

IaSome cobalt  continued to be produced at Pennsylvania’s
Cornwall Mine until 1971 as a byproduct of iron ore produc-
tion without subsidy.

reauthorization of DPA for fiscal years 1985
and 1986. In hearings about this legislation, the
U.S. General Accounting Office expressed con-
cern that the Administration had not under-
taken adequate cost/benefit comparisons among
candidate Title III projects for which it sought
funding. In April 1984, Congress amended
DPA to authorize a total of $100 million in fi-
nancial aid to defense industrial projects for
fiscal years 1985 and 1986.19 The amendment
did not preclude a Title III cobalt project, How-
ever, it did establish new procedures for the
Administration to follow in seeking Title III
authorization. Except in times of a national
emergency, Title III projects must be presiden-
tially cleared, and a determination made that
the alternative is the most practical means for
meeting a shortfall.

It is not clear whether the Administration has
any plans to initiate a cobalt project, but the
issue of domestic production of strategic ma-
terials is likely to continue to be debated in the
future,

Potentially exploitable cobalt deposits in the
United States include the Blackbird Mine in
Idaho, the Madison Mine in Missouri, the
Gasquet Mountain Project in California, and
the Duluth Gabbro Complex in Minnesota. For
domestic production to occur without subsidy,
cobalt market prices, about $6 per pound in
1983 and $11 to $12 in mid-1984, would need
to rise appreciably and be sustained for a pro-
tracted period in order for mine owners to as-
sume the risks of production, Each of these
sites has received some scrutiny for possible
subsidy under the Defense Production Act. Al-
though DPA can be used to secure materials
for the stockpile, it has generally been used to
support industrial processing capabilities con-
sidered essential for national defense, One
proposed method of subsidy has been a “con-
tingent purchase contract” between the gov-
ernment and mine owner. In such contracts,
a negotiated “floor price” would be set with
the company. The government would be obli-

lgpublic Law 98-2Nj, the Defense Production Amendments Act
of 1984, was signed into law by President Reagan on Apr. 17,
1984.
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gated to buy the cobalt only if the company
were unable to sell it on the open market,

Some evaluation of production economics
from candidate sites has been conducted by the
sponsoring companies, with estimates ranging
from $16 to $25 per pound. However, some of
the estimates have not been revised since 1981,
and none should be considered definitive,
According to the Department of Defense, “con-
tradictory data being quoted and evaluated” led
the Air Force, in 1983, to seek “definitive data
through legal contracting procedure for a
cost/benefit analysis of domestic cobalt produc-
tion.” 20 The form of the Air Force effort, a draft
request for proposal,21 evoked controversy be-
cause some believed that a final determination
had been made to go ahead with a pilot plant
project to evaluate the quality of domestically
produced cobalt for defense applications. The
effort did not reach the stage in which such de-
finitive data was submitted, however.

The Blackbird Mine (an inactive mine which
produced cobalt under DPA subsidy in prior
years) is considered the largest potential do-
mestic source. In 1981, the company which
owns the mine estimated that Blackbird could
support an annual production level of 3.7 mil-
lion pounds (1,850 short tons) of cobalt for a
14-year period if cobalt prices rose and were
sustained at a $20 per pound level or if the gov-
ernment subsidized production. 22 Lead time for
production would be 3 to 4 years. A spokes-
man for the company recently told OTA that
it now estimates a sustained cobalt price of $16
per pound to be sufficient to bring the mine
into production, owing to discovery of higher
grade cobalt at the site, and improved mine

20Department of Defense submittal entitled “General DoD Com-
ments on the Classifed  GAO Statement, ” in U.S. Senate Com-
mittee on Banking, Housing, and Urban Affairs, Reextension
of the Defense Production Act, hearing held Sept. 15, 1983,
(Washington, DC: U.S. Government Printing Office, 1983), p. 161.

21 Department of the Air Force, Draft Request for prOpOsal
(DFRP)  for Contemplated RFP F33615-83-R-5106: Establishment
of Domestic Cobalt Production, Aug. 30, 1983.

ZZLetter  of R.V. Fiorini,  Vice-president, General Manager,
Noranda Mining Inc. to Senator Harrison S. Schmidt as repro-
duced in U.S. Senate Committee on Banking, Housing, and Ur-
ban Affairs, Defense Production Act and the Domestic Produc-
tion of Cobalt Hearing, Oct. 26, 1981, Senate Hearing 97-38
(Washington, DC: U.S. Government Printing Office] p. 143,
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planning, It has also increased its mine life esti-
mate to 20 years.

Another inactive mine, the Madison Mine in
Missouri, could also support production of co-
balt as a primary ore, according to its propo-
nents. Closed since 1961, Madison produced
lead, copper, and nickel, and during the 1950s,
cobalt under a DPA subsidy. Madison’s owner
estimates that the mine could produce 2 mil-
lion pounds of cobalt annually over an esti-
mated mine life of 20 years. In addition, sub-
stantial amounts of cobalt are present in mine
tailings that have accumulated over the years
from lead and zinc mining in the area. These
tailings could provide 300,000 to 500,000
pounds of cobalt annually, using prevailing
lead and zinc recovery technologies, but far
more if other processes were adopted. The
Madison mine owner estimated in 1981 that
a cobalt price of $25 per pound would be nec-
essary to bring the mine into production. Re-
vised estimates apparently have not been made
since then.

The Gasquet Mountain Project, a proposed
mine on National Forest land in California,
would involve production of cobalt and some
chromite as coproducts of nickel production.
A 1981 feasibility study for the project esti-
mated that the lateritic deposits at the site could
support annual production of 19.4 million
pounds of nickel, 2 million pounds of cobalt,
and 50,000 tons of chromite over an estimated
mine life of 18 years. The economic feasibil-
ity of the project would thus depend on multi-
ple metals prices, with changes in the relative
value of one metal, compared to the others,
affecting production economics. For example,
if nickel prices were $3.50 per pound, cobalt
production would be viable at $12.50 per
pound. If nickel prices rose to $3.96 per pound,
cobalt would be viable at $8 per pound, but if
nickel prices were $2.21 per pound, a cobalt
price of $25 would be required.23 Nickel prices
in 1983 were $2.20 per pound. A company

ZSDocuments  prot~ided  to OTA on the Gasquet  Mountain Stra-
tegic Metals Project by the California Nickel Corp. in March
1983. The figures cited above assume a constant chromite  price
of $40 per ton.
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spokesman told OTA that it had not revised its
economic evaluation since 1981.

In assessing the desirability of subsidizing
domestic cobalt or any other strategic material,
several considerations should be kept in mind.
Supply security is the primary argument used
in support of government assistance for domes-
tic cobalt production. To some, the risks en-
tailed in continuing to depend on insecure for-
eign sources of cobalt is an overwhelming
argument in favor of a domestic production
subsidy even when cobalt could be more cheaply
acquired from world markets for the stockpile.
The supply security aspect of domestic produc-
tion is most persuasive if the risk that a pro-
tracted supply disruption will occur before ade-
quate quantities of cobalt could be acquired for
the stockpile is seen as unacceptable. To those
who think the short-term risks of a supply dis-
ruption are not great, stockpiling now, rather
than depleting limited domestic cobalt re-
serves, seems to provide greater supply secu-
rity in the long term.

Fluctuating cobalt or coproduct metal prices
have made it difficult to identify the extent of
subsidy that would be needed, compared to
simply buying cobalt on the world markets for
the National Defense Stockpile. If 1980 cobalt
prices ($25 per pound) were to return and be
sustained, domestic production of cobalt would
compare favorably with world prices, and thus
could be cost effective even with minimal gov-
ernment involvement. At 1983 cobalt prices,
about $6 per pound, it would cost the govern-
ment three to four times as much to buy co-
balt from domestic mines than from the world
market. If it is assumed that mid-1984 cobalt
prices (about $12 a pound) will continue, stock-
piling from world markets would still be
cheaper than subsidizing domestic production.

Environmental considerations may also de-
lay or potentially curtail proposed projects,
especially when supply security objectives are
not widely perceived as a pressing need. Con-
cerns about possible water pollution and envi-
ronmental damage to California’s Gasquet
Mountain were raised in the legislative debate

about the 1984 DPA amendments.24 The Black-
bird Mine is surrounded by Federal lands, in-
cluding 40,000 acres which has been classified
as wilderness with a stipulation that it will re-
main open for cobalt exploration and mining
activities. Although open, actual development
of the mine could be delayed by the process
of establishing Federal regulations governing
access to the site across Federal lands. Water
pollution problems arising from the presence
of arsenic will have to be overcome before
production can begin.

Encouraging Foreign Production of
Strategic Materials

The United States is likely to be dependent
on a few producing countries for most of its
supplies of strategic materials for the fore-
seeable future. Actions can be taken to increase
the number of countries supplying these ma-
terials, thus achieving greater diversity of sup-
plies. However, these actions take time to
implement and are not likely to alter funda-
mentally the supply patterns in the next dec-

ade. Over the long term, a concerted effort to
promote diversity of foreign supply sources of
specific minerals could help reduce overall
U.S. vulnerability to a supply disruption. To
be most effective, these actions must be nar-
rowly focused to address problems that are
mineral-specific and to avoid possible compe-
tition with efforts to develop domestic sources.

Potential benefits of supply diversification
strategies will vary by material, Of the first-tier
materials, for instance, prospects for supply
diversification appear to be best for manga-
nese, which already has the most diverse sup-
ply. Several alternative supply sources also ex-
ist for chromium, such as expanding output in
Turkey and the Philippines. Cobalt diversifi-
cation, primarily in the Southwest Pacific, de-
pends to a large degree on world markets for
nickel and copper, since cobalt is usually a by-

?4Environmental  concerns associated with Gasquet  Mountain
were discussed in House debate on the conference report on
the DPA amendments. (Congressional Record, H2538, Apr. 17,
1984.)



product of production of these metals. In the
case of PGMs, the most promising known but
nonproducing deposit is in the United States.
Outside the United States prospects for PGM
supply diversification will depend on new dis-
coveries rather than on the development of
known deposits.

The likelihood that a supply diversification
strategy will succeed also depends in part on
the extent to which the Federal Government
and U.S. industry are willing to accept the risks
and attendant costs associated with bringing
alternative supply sources on line, According
to a 1982 GAO report, direct investment by
U.S. firms in mining and smelting activities in
developing countries has fallen significantly
since the late 1960's and early 1970s.25 Reasons
for this include prolonged weak markets, per-
ceived risks associated with such investments
(due to political uncertainties), and controls on
investment asserted by producer countries. On
the other hand, the involvement of multina-
tional mining firms in developing countries is
still extensive, While equity participation has
declined, firms are willingly supplying technol-
ogy and management services.

New mining ventures from exploration to
production can cost $1 billion and more. More-
over, mining prospects are long-term ventures.
Exploration activities to discover new depos-
its can take many years and are often unsuc-
cessful. Once a deposit is identified and found
to be promising, a minimum of 2 to 5 years is
required to bring a new mine into production;
somewhat less time is required to increase out-
put from an existing alternative mine that is
already in operation. Hence, actions taken to
promote diversity of supplies must be planned
and executed far in advance and are not likely
to be successful as a way to avert immediately
the consequences of a supply disruption, Even
if financial obstacles were overcome, supply
diversification strategies have inherent risks.
Near the end of World War II, and through
much of the 1950s, the Federal Government

25[J.  S, (jfjnera]  A{;{;c)unting  office, Federal Encouragement ‘ f

hlining ln~estment  in 1%~’eloping  Countries for Strategic and
Criti{;al  Minerals Has Onl~  Been hlarginall~’ Effectitre  (Wash-
ington, I)C: [J. S. General Accounting Office, 1982].
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supported development of Cuban nickel re-
sources to diversify U.S. supplies. The effort
was successful in developing Cuban nickel, but
for political reasons the United States has not
had access to this supply since the early days
of the Castro regime.

In some countries the government plays a
very active role in backing international re-
source projects launched by private firms. In
Japan, for instance, overseas ventures of suffi-
cient importance to be considered “national
projects” are backed by low-interest loans to
both the country in which the project is located
and the consortium of Japanese firms involved
in the project. The government itself serves as
the major stockholder in the consortium.
Among industrialized nations, Japan is unusual
in that half or more of its foreign mining and
smelting investments are in developing coun-
tries—as compared to 25 percent among U.S.
firms .28

In the United States, private industry—not
government—plays the primary role in secur-
ing mineral supplies from foreign sources, and
this policy is likely to continue. However, the
Federal Government can be a catalyst in pro-
moting private investment overseas, through
the dissemination of essential information, by
facilitating interaction between private indus-
try and foreign owners, and by the targeting
of international aid to private and producer
country mining activities that are related to
strategic materials. The extent and degree of
encouragement considered appropriate can
range from modest to extensive, depending on
the importance given to supply diversification
in overall U.S. strategies to reduce import de-
pendency.

The Reagan Administration has emphasized
information development to encourage private
action. Initiatives include a Department of In-
terior minerals training program for State De-
partment regional resource officers to improve
the collection of information. It also includes
discussions with market economy countries
about mineral investment problems and the

2~Ibid.,  p. 5.
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need for more consistent statistical reporting.
In fiscal year 1983, the U.S. Geological Survey
(USGS), in cooperation with Canada, West Ger-
many, Australia, South Africa, and Great Brit-
ain, began an International Strategic Mineral
Inventory program to upgrade and standard-
ize resource and production information about
world deposits of chromium, nickel, manga-
nese, and phosphate. Other minerals are ex-
pected to be added to the inventory. The USGS
Office of International Geology obtains fund-
ing through the Agency for International De-
velopment (AID) for various mineral potential
studies of developing nations. These projects
are often cooperatively funded by the develop-
ing nation, must be “sold” to AID on the basis
of their assistance to immediate development
needs, and do not necessarily focus on strate-
gic materials. (Phosphate for agricultural pur-
poses is a major item.)

President Reagan has also given new respon-
sibilities to the Trade and Development Pro-
gram (TDP) of the International Development
Cooperation Agency (IDCA) in order to “broaden
opportunities for the U.S. private sector to par-
ticipate in the development of and diversifica-
tion of foreign sources of supply of strategic
materials. “27 The mineral resources group of
TDP received funding of about $700,000 in
fiscal year 1984 which is supplemented by co-
operative funding for specific projects. TDP
concentrates its efforts on a small number of
strategic minerals and, as of March 1984, had
issued five reports that identified investment
possibilities in those minerals for U.S. mining
companies in foreign countries.28  TDP also
brings private project promoters and prospec-
tive investors together informally to discuss for-
eign mining and processing projects. The TDP
reports have been thoroughly prepared and are
potentially useful; however, some industry peo-
ple claim they provide information already
available and that the analysis is not extensive
enough to attract private investment, especially
during periods of depressed minerals markets.

ZTNatjona] Materia]s  and Minerals Program Plan and Report
to Congress, op. cit., p. 11.

28Report~ cover  manganese in Mexico, cobalt in Morocco and
Peru, and chromium in Turkey and the Philippines.

One TDP report has resulted in a TDP follow-
up contract for a feasibility study to further en-
courage private industry’s involvement. Future
reports might be more useful if they included
possible followup steps for government action
to be considered by relevant agencies (e.g.,
technical or financial assistance), and joint ven-
ture opportunities for the private sector. Al-
though TDP’s approach is promising, funding
levels may be too low to realize any substan-
tial improvement in diversified minerals
sources.

Other Administration efforts have involved
the development of a model bilateral invest-
ment treaty. When adopted by individual coun-
tries, such a treaty may improve a country’s
investment climate, but does not necessarily
create mineral investment opportunities,

An alternative or complementary approach
would be to target or give special priority to
strategic materials in U.S. bilateral assistance
programs, or as part of U.S. responses to multi-
lateral assistance in which it participates (table
8-7, issue 3). The 1980 National Materials and
Minerals Policy, Research and Development
Act emphasized the importance of such activ-
ities by calling on the President to “assess the
opportunities for the United States to promote
cooperative multilateral and bilateral agree-
ments for materials development in foreign na-
tions for the purpose of increasing the reli-
ability of mineral supplies to the Nations.”29

Major multilateral and bilateral programs
applicable to mineral development are high-
lighted in box 8-A.

Multilateral programs, established by the
United Nations, the World Bank group, and
other international organizations, have been
the primary means (albeit indirect) for U.S.
assistance for mining and smelting activities
in developing countries. These programs, ac-
cording to the GAO report, have had a limited
impact on increasing supplies of strategic
materials of importance to the United States.
Of 45 mineral-related projects during 1971-80,
most involved copper, lead, zinc, and iron ore,

Zesec. 4(g) of Public Law 96-479.
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Box 8-A—Bilateral and Multilateral Assistance Approaches for
Mining Investment in Other Countries

Bilateral Approaches:
●

●

Overseas Private Investment Corporation
(OPIC) was established in 1969 to facilitate
flow of private U.S. capital and skills to the
Third World through insurance, financial
guarantee, direct loan, and promotional
programs. Mining and energy initiatives
were instituted in 1977 to help revive in-
vestor interest in developing country mining
projects. Although OPIC does not support
a significantly large number of projects, the
mining projects that it does support are gen-
erally targeted to strategic minerals.
Export-Import Bank was created in 1934 to
provide financial support for U.S. export
sales through direct loans, financial guaran-
tees to private lenders, and commercial and
political risk insurance. Unlike most assist-
ance programs, Ex-Im operations are not
limited to developing countries. Programs
were directed toward specific mineral
needs during World War II and the Korean
war using the Reconstruction Finance Cor-
poration and the Defense Production Act
as sources of funding. Since then, however,
lending (for mining equipment exports) has
been limited and has not focused on strate-
gic minerals. The Bank has no control over
the mix of incoming applications it proc-
esses. Weak markets and inability to com-
pete effectively with foreign counterparts
have resulted in only a few mineral projects.

Multilateral Approaches:
• Development Banks (e.g., the World Bank,

Asian Development Bank, and Inter-Ameri-
can Development Bank) tend to devote
small shares of their overall funding to
mineral projects and have no mechanism
to target “U. S.” strategic materials when
the strategic materials of other involved na-
tions are different. Priorities for addressing
basic needs of people limit mineral projects

to those which are viewed as a way to im-
prove foreign exchange earnings and bal-
ance of payments postures. Development
bank activities sometimes conflict with U.S.
domestic mining interests by promoting the
development of foreign competition.
U.N. Revolving Fund for Natural Resources
Exploration was set up in 1973 to help in-
crease natural resources exploration in de-
veloping countries and expand the world’s
known resources base. Its mission is to ad-
dress what experts perceive to be the great-
est mining-related problem for developing
countries: insufficient exploration. While
exploration costs generally are not great
compared with mine development costs,
the risks are greater due to a lower prob-
ability of success. Therefore, funding is dif-
ficult to obtain–even from development
banks. The Fund, which contracts actual
work to the private sector, deals in explo-
ration projects exclusively although it does
have the authority to do follow-up feasibil-
ity studies. Of 11 projects completed in
1983 and 5 continuing on through 1984,
none involved first-tier strategic materials.
According to GAO, by 1982 the Fund had
not yet demonstrated its capabilities con-
vincingly, having had financial and initial
problems in convincing governments to use
its services, and in obtaining contributions
to set up the fund.
International insurance plans to safeguard
foreign investment have been proposed but
never implemented, due to lack of agree-
ment on how to arbitrate disputes, negoti-
ate claims, finance the plans, or distribute
voting rights. Recent proposals and spon-
sors include: International Investment
Insurance Agency (1966), World Bank; In-
ternational Resources Bank (1975), U.S.
Government; Inter-American Fund for En-
ergy and Minerals (1979), Inter-American
Development Bank.



360 ● Strategic Materials: Technologies to Reduce U.S. Import Vulnerability

and only four involved strategic materials. Mul-
tilateral programs that support exploration
activities, such as the U.N. Revolving Fund for
Natural Resources Exploration, have some po-
tential to result in new discoveries of strategic
materials.

Several bilateral aid programs could be spe-
cifically targeted to encourage U.S. firms to in-
vest in mining activities for strategic materials,
Past efforts have been only marginally success-
ful, as was brought out by the GAO report,
Among other things, the report found that ex-
isting programs were not oriented toward pro-
viding solutions to what are, after all, mineral-
specific problems (the TDP studies, a notable
exception, were only beginning at the time of
the GAO study) and that there was a lack of
coherent investment strategies to guide imple-
mentation actions over the long term.

One of the often stated impediments to min-
ing firm investment abroad is the fear of polit-
ical instability, A mining firm will launch a
project only if it believes that the project will
yield an adequate after-tax return on equity
over a specified time period. Political risk in-
surance can reduce the political component of
economic decisionmaking. The Overseas Pri-
vate Investment Corporation (OPIC), estab-
lished by Congress in 1969, provides such in-
surance as well as financing (loans and loan
guarantees) to U.S. firms investing in develop-
ing countries. Its involvement in mineral proj-
ects, however, has been limited due to the
weakness of markets and, in the area of natu-
ral resources, it concentrates on energy proj-
ects. OPIC, like the Export-Import Bank (see
box 8-A), assists rather than subsidizes foreign
projects. Thus, it can improve the competitive
posture of U.S. firms but not the markets
wherein firms must operate.

GAO cited policy and procedural restraints
on OPIC’s activities as limiting factors on the
number and type of mineral projects it sup-
ports. As a public corporation, OPIC must as-
sure that, overall, its investments generate a
positive return. To do so, its investments are
broadly based in terms of industries and coun-
tries served. Loans granted by OPIC are re-

stricted by legislation to small businesses,
which disqualifies the majority of mining firms.
Loan guarantees (up to $50 million) are avail-
able only for the production phase of mining
projects. OPIC political risk insurance maxi-
mum ($125 million) may not be consistent with
the real costs of most mineral investment activ-
ities today, although it does provide 20-year
coverage of the entire mineral exploitation
process from exploration through production.

The President’s materials plan does not ad-
dress foreign aid or loans as an instrument of
national minerals policy. When more limited
means do not encourage the diversification of
sources, it may—given the perception of risk—
be appropriate for the Federal Government to
engage in direct financing support for exploi-
tation of, or creation of demand for, these
diversified sources. Stockpile needs and other
Federal Government purchases, for example,
could be directed at creating demand for un-
exploited strategic materials deposits. Loans
and loan guarantees could assist countries both
directly and indirectly in exploiting mineral re-
sources. For instance, prospective mining
projects are often located inland, without ade-
quate in-place transportation and energy infra-
structure. Developmental aid for such support-
ing projects could overcome economic
obstacles to mine development, provide invest-
ment opportunities for U.S. firms, and, at the
same time, stimulate the overall economic
growth of a developing nation.

In using both multilateral and bilateral mech-
anisms, a clear distinction must be made be-
tween the needs of the domestic mining indus-
try and those of U.S. firms involved in the
international mining industry, Policies devel-
oped for one may be viewed as detrimental by
the other. The domestic mining industry today
faces increasing competitive pressure from for-
eign mining that is supported by governments
that are more concerned with generating for-
eign exchange or jobs than with profits. Many
of these ventures may be supported either
directly or indirectly by public sector interna-
tional development banks. The domestic indus-
try, which is guided by the principles of the free
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market, says it cannot continue to compete in
global markets under these newly emerging
and unfamiliar rules of competition. Con-
versely, U.S. firms involved in foreign mining
projects can take advantage of them. Clearly, for
commodities where domestic mining competes
with foreign mining, a policy choice must be
made that serves both sectors or just one. For-
tunately, inherent in the nature of “strategic
materials” is the fact that little, if any, domes-
tic mining occurs for these commodities at
present. If policies are specifically targeted,
they would have less chance of being detrimen-
tal to the domestic mining industry and greater
likelihood of success in diversifying U.S. sup-
ply sources.

Implications of Diversification of Supply
for Ferroalloy Production

Diversification of ore suppliers offers only
a partial solution for decreasing the potential
for interruption of supplies of chromium and
manganese, Since the bulk of chromium and
manganese ore is processed into ferroalloys for
use in the production of steel, stainless steel,
and superalloys, it is also necessary to ensure
that ferroalloy production facilities will be
available to process ore obtained from a vari-
ety of suppliers.

The domestic ferroalloy industry was once
the major supplier of ferroalloys to the U.S.
steel industry, but this position has been eroded
by foreign suppliers such as South Africa,
France, and Brazil. This decline can be at-
tributed largely to nontechnical factors, par-
ticularly:

●

●

●

policies by foreign governments and inter-
national organizations that provide finan-
cial incentives that encourage development
and operation of ferroalloy production in
developing countries, primarily in con-
junction with operating mines;
higher cost for U.S. labor in comparison
to labor costs in other producing countries;
current exchange rates that, due to the
strong U.S. dollar, favor the use of im-
ported products over domestic production;
and

● higher capital investment required of do-
mestic producers in order to meet strin-
gent U.S. environmental and safety re-
quirements.

The domestic ferroalloy industry has a num-
ber of strengths, including large, in-place ca-
pacity for production of ferroalloys; adaptabil-
ity of furnaces between various manganese,
chromium, and silicon products (although con-
version between products is, in some cases,
limited by design of electrical or pollution con-
trol systems) and proximity to markets for fer-
roalloy products that allows quick response to
special orders for nonstandard products.

One way to assure ferroalloy processing
availability would be to encourage the con-
struction of processing capacity along with
chromium and manganese mines, but this
method would provide excess worldwide ca-
pacity and be wasteful of capital investment.
A second alternative is to maintain a ferroalloy
processing capability in the United States, one
designed to be flexible both in products (ferro-
chromium, ferromanganese, silicon, and ferro-
silicon, and specialty products such as calcium
silicon) and in production rates (with plants de-
signed for rapid expansion of capacity).

New technology may change the outlook for
the domestic ferroalloy industry in two ways.
First, process improvements, such as increased
use of automated equipment and computer
control, may increase labor productivity, re-
duce energy consumption, and raise the qual-
ity of products. These improvements, in turn,
would improve U.S. competitiveness, since
high labor and energy costs are a contributor
to the high cost of domestic production, and
the quality of products for specialty steels and
superalloy can protect and strengthen the U.S.
position in these markets. The second major
technical change facing the industry is the
adoption of plasma arc and high-voltage elec-
tric furnaces. These advanced furnaces, which
are in the latter stages of development and the
first stages of commercial use, may offer lower
operating costs and improved energy efficiency
over the submerged arc furnaces now in use.
However, they must be built to replace fur-
naces now in use, which will require the in-
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dustry to make major capital investments.
These new furnaces are applicable both to do-
mestic and to foreign production, so it is pos-
sible that the domestic industry could be left
behind its foreign competition if it is slow to
adopt the new processes.

Since the immediate problems of the ferro-
alloy industry arise from political and eco-
nomic factors rather than technical ones, the
principal response of the government (if it is
to respond) is likely to be political, In the longer
term, however, there are more options (table
8-7, issue 4). First, the Bureau of Mines can
work with industry to develop process im-
provements, particularly in the area of auto-
mation and computer control, that increase

labor productivity and reduce energy and ma-
terial consumption. Second, financial incen-
tives, such as increased depreciation, tax
credits, or low-interest government loans could
be used to encourage the adoption of new ferro-
alloy furnaces. Third, the government could
use its influence in international lending orga-
nizations to encourage the use of development
loans for projects other than ferroalloy facil-
ities. Fourth, additional support, either as loans
or grants, could be provided to the ferroalloy
industry to include in plant designs the po-
tential to increase capacity or shift between
products rapidly when supplies of imported
ferroalloys are unavailable and ores must be
processed for domestic industries.

Substitution and Advanced Materials

In discussing substitution, it is useful to
differentiate between two broad classes of
alternative materials: direct substitutes, i.e.,
materials that, while not necessarily preferred,
could replace materials now in use; and ad-
vanced materials, which may displace cur-
rently used materials in time because the new
material offers a clear advantage in perform-
ance, cost, or other benefit. In contrast to di-
rect substitutes, which may require only mi-
nor design changes for use, advanced materials
often require redesign of products for optimal
use.

Direct substitutes are immediately available
for many applications that now use first-tier
strategic materials. However, this is not the
case for some applications that are most criti-
cal to the national defense and the U.S. econ-
omy. As discussed in chapter 7, the Federal
Government sponsors considerable R&D aimed
at finding direct substitutes for strategic ma-
terials, Much of the research has focused on
development of lower chromium alloys as po-
tential replacements for stainless steels of high-
chromium content, and on alternative jet en-
gine superalloy which contain reduced amounts
of cobalt or other strategic materials. This re-
search adds to the choices of materials avail-

able to designers. However, institutional and
economic barriers impede acceptance of these
materials so that many will not be fully devel-
oped. Substitutes used in highly demanding ap-
plications need to undergo extensive testing
and qualification before they can be used. In-
dustry has little incentive to undertake this test-
ing unless the substitute offers a clear advan-
tage over currently used materials.

Besides direct substitutes for materials now
used, the Federal Government also plays a pri-
mary role in sponsoring research on advanced
materials, such as advanced ceramics and com-
posites, and rapidly solidified metals. These
materials have long-term promise to change
current requirements for strategic materials—
although to what extent is difficult to predict
due to the need for redesign of product com-
ponents. In some applications, net savings in
strategic materials may occur, while in other
applications, product redesign could lead to in-
creased use of strategic materials.

Many barriers must be overcome before use
of these advanced materials becomes wide-
spread. Some barriers are technical, arising
from the materials themselves or from the need
to improve current processing techniques so
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that reliability is increased. Others are institu-
tional and economic. Some of these materials
are much more expensive than currently used
materials, although costs may go down in time
as processing problems are overcome. From
the institutional side, widespread use of these
materials may have to await establishment of
standards and specifications for their use, as
well as greater emphasis on these materials in
engineering curricula.

An emerging import vulnerability issue con-
cerns adequacy of domestic processing and
manufacturing capabilities for advanced ma-
terials. Most advanced materials are made
from raw materials which are plentiful in this
country. However, the manufacturing capabil-
ities (including technology and technical know-
how) to produce qualified materials suitable for
the most demanding applications is distributed
among several nations. Most advanced mate-
rials are in limited production status at this
time. As they become more frequently used, the
extent to which the United States should at-
tempt to become self-sufficient in all stages of
production of these materials is likely to be in-
creasingly debated.30

Table 8-8 shows selected policy alternatives
with respect to substitution and advanced
materials. Although some policy issues asso-
ciated with direct substitutes and advanced
materials are held in common, there is enough
divergence to merit separate discussion, as is
done below.

Direct Substitution Options

The Federal Government is the primary
sponsor of R&D on direct substitutes for stra-
tegic materials. Except in times of a supply
shortage, industry has little incentive to con-
duct such activities unless the substitutes af-
ford a clear benefit of cost or performance.

3oFOr  ~ discussion of initial self-sufficiency issues associated
with the advanced composites industry, see Stanley L. Chamon,
Industrial Base and Qualification of Composite Materials and
Structures (An Executive Overview) (Arlington, VA: Institute for
Defense Analyses, 1984). Concern about U.S. reliance on for-
eign sources and a sole domestic supplier for polyacrylonitrile
(PAN), used in production of some carbon composites, was one
issue discussed in the legislative debate about reauthorization
of the Defense Production Act in 1984.

Emphasis on substitution research among
Federal agencies has accelerated since the mid-
1970s. Several Federal agencies, including va-
rious defense agencies, NASA, the Bureau of
Mines, and the DOE national laboratories un-
dertake or sponsor strategic materials substi-
tution research. Despite recent budget cut-
backs, Federal funds available for substitution
research appear to be quite healthy, with some
gains and losses among different Federal agen-
cies. The Bureau of Mines substitution re-
search effort has increased recently, while
NASA’s Conservation of Strategic Aerospace
Materials (COSAM) program has been cut
somewhat. The COSAM program has resulted
in some superalloys with reduced cobalt con-
tent that have the potential to directly replace
existing superalloy. These materials have not
received extensive development beyond the
laboratory stage. A more fundamental purpose
of the COSAM program was to sponsor basic
research that would shed light on the function
that strategic materials play in superalloys.
(Table 8-5 shows total U.S. expenditures for
substitution on specific strategic materials for
fiscal year 1980, the last year in which govern-
mentwide data is available.)

Federal sponsorship of substitution research
is generally conceded to be essential if research
programs are to be undertaken on a sustained
basis to find direct substitutes for strategic
materials. However, this research alone will
not do much to reduce overall vulnerability
unless promising substitutes are developed to
the point that they can be used by industry. The
time lag between initial laboratory develop-
ment of an alternative material and the stage
in which it is ready to be used is often pro-
tracted; many expensive and time-consuming
intermediary steps must be surmounted before
the material can be considered “on the shelf.”
The extent to which the Federal Government
needs to be involved in narrowing this gap de-
pends on the relative weight that is given to
substitution in an overall strategy to reduce im-
port vulnerability.

Actions the Federal Government could take,
besides its continuing important role as the pri-
mary sponsor of research on substitutes, are
identified in table 8-8 and discussed below.
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Table 8-8.—Policy Alternatives for Substitution and Advanced Materials

Arguments for/against

Problem/issue Option Positive Negative

 Direct substitution:
1.

2.

Information about available
substitutes which would entail
less use of strategic materials
may be difficult for small firms to
obtain, hence delaying their abili-
ty to respond to a supply disrup-
tion and possibly impeding
initiative to ease import depen-
dency in advance of supply
difficulties.

Work on promising laboratory
substitutes that could reduce
strategic material requirements is
often ended at an early stage
because of lack of industry incen-
tives to develop these materials
on their own, and because Federal
agency research funds may not
be provided for the long period of
time needed to develop substi-
tutes fully for commercial use.

Advanced materials:
3.

4.

5.

—

Problems in coordinating ad-
vanced materials R&D at the
executive branch level have long
been apparent. The new National
Federal program for advanced
materials R&D, established by the
National Critical Materials Act of
1984 (Public Law 98-373) is intend-
ed to overcome this difficulty. The
flexibility given to the executive
branch in formulating this pro-
gram, could lead to innovative
approaches, but a danger also
exists that congressional intent
will be misconstrued.
Advanced materials use may be
impeded by lack of qualified
engineers, designers, and
material scientists trained in the
use of these materials.

Widespread adoption of advanced
materials may require develop-
ment of more uniform testing
methods, material specifications,
and procedures for certification
and qualification than currently
exists, as well as an improved
and updated data base to
facilitate use of advanced
materials.

Sponsor a substitution infor-
mation program to
disseminate information to
industry, giving private sec-
tor (testing societies, trade
associations, universities,
and industry) key roles in
designing and implementing
the program so that it is of
maximum utility to end
users. Option appears most
promising as a means to
reduce chromium overspeci-
fication in stainless steel.

Sponsor a joint government-
industry effort to develop
selected promising substi-
tutes to the point where they
can be commercially used,
focusing on lower chromium
alloys that could reduce
chromium requirements for
stainless steel.

Exercise oversight functions
on the Administration’s
Federal program plan for
advanced materials R&D, to
establish early and contin-
uing guidance to the
National Critical Materials
Council and other imple-
menting agencies about pro-
gram direction, goals, and
specific initiatives.

Provide startup education and
curriculum development
grants to U.S. universities to
expand faculty and to
stimulate research and
graduate/undergraduate pro-
grams in advanced material
studies and in design with
these materials.

Sponsor initial activities in
conjunction with testing
societies, industry, and
academia and relevant
Federal agencies to develop
guidelines and data require-
ments for testing methods,
specifications, procedures,
and design with advanced
materials.

Would enhance U.S. substitution
readiness—especially in the
case of chromium, for which
major opportunities to con-
serve chromium in nonessen-
tial application exists; would
provide “continuing visibility”
for strategic material con-
cerns by setting up an institu-
tional program to disseminate
information.

Could result in long-term reduc-
tion in import vulnerability if
substitutes were successfully
developed so that they could
be used by industry; Federal
sponsorship of applied
research to develop direct
substitutes may not be jus-
tified unless more substitutes
are developed to the point
where they could be commer-
cially used.

Would help the administration
establish goals for Federal
activities with respect to
advanced materials; would
give greater visibility to
advanced materials in the
executive branch, Congress,
and the country as a whole.

May help U.S. maintain
competitiveness of its ad-
vanced material industries
through research and training
of personnel needed to
establish domestic
capabilities.

May encourage more wide-
spread use of advanced
materials by providing greater
certainty to material pro-
ducers and consumers about
conditions in which they can
be appropriately used.

Information could become
obsolete quickly; industrial
users may not have as great
a problem in obtaining such
information as is sometimes
contended (i.e., industry
would have a great incentive
to find this information in the
event of a supply difficulty).

Long-term nature of commit-
ment, plus the expense of
developing particular alloy
substitutes may mean that
other options (e.g., diversifica-
tion of supplies and recycl-
ing) would be more useful.
Government has limited ex-
perience with alloy develop-
ment and should leave
development to industry
alone.

Oversight process, if taken
to an extreme, could lead to a
disproportionate expenditure
of EOP staff resources on
meeting congressional infor-
mation demands, which
would be contrary to the
intent of Public Law 98-373 as
expressed in its legislative
history.

Industries that stand to
benefit from such educational
activities should assume
primary responsibility for
meeting their technology and
personnel needs through con-
tributors to educational
institutions.

Government should not attempt
to “force” premature uniform-
ity on a developing tech-
nology. Evolution of needed
information systems can best
be accomplished incremen-
tally by users and suppliers
as the need arises.

SOURCE: Off Ice of Technology Assessment.
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These actions are of two kinds: greater govern-
ment involvement in developing the informa-
tion needed to facilitate industry use of new
materials; and greater Federal support for the
post-laboratory development of direct sub-
stitutes.

Providing Substitution Information to Industry

Many on-the-shelf technologies and materials
could lower strategic materials consumption
in the United States, and potential substitutes
are at various stages of development. These
alternative materials and technologies are well
known to defense industries, automakers, and
other large or technologically advanced indus-
tries. However, many small or technically un-
sophisticated firms ordinarily would not have
easy access to information about specific ma-
terials, technologies, and applications in which
substitution could lessen strategic materials
use. Difficulties in obtaining information about
alternative materials might lengthen their sub-
stitution response time in a supply disruption—
a critical concern, especially for firms that are
not likely to receive an allocation preference
in the event of a supply disruption of major
proportions,

The need for a more effective mechanism for
collecting and transferring information about
strategic materials substitutes to industry and
end users has long been recognized by the
materials community (table 8-8, issue 1). Sev-
eral major conferences on materials, as well
as various testing societies and industry or-
ganizations, have recommended that a sub-
stitution information program of one sort or
another be an essential component of strate-
gic materials policy.31  Some steps have been
taken by government agencies, trade organi-
zations, and professional organizations to im-
prove substitution information availability, but

slrI’he i m [)() rta n(; e of suhst  itutio  n information is illustrated  i n
recommendations made at a workshop on (conservation and sub-
stitution for critical materials held in 1981 at Vanderhi]t  [’ ni\rer-
sity under sponsorship hj’ the Departments of Commerce and
the Interior. of 27 recommendations, 10 invo]ved development,
compilation, and dissemination of information related to sub-
stitution, conservation, and d isplacemerlt  of (:ritical  metals,

these have been conducted on an ad hoc basis
without a sustained focus.

Information programs of varying scope and
complexity have been proposed. At the most
basic level, an ongoing program of confer-
ences, seminars, and information dissemina-
tion has generally been seen by the materials
community as a relatively inexpensive and ef-
fective way to heighten industry awareness of
research developments relevant to strategic
materials substitution and conservation oppor-
tunities. Many Federal agencies and private
organizations have contributed to such pro-
grams in the past, but a continuing program
of this sort does not exist.

Others see a need for a national information
repository for substitution studies, including
studies on alternative materials, analyses of
alternative processing techniques, substitution
case histories, and directories of experts on
particular technologies or material substitutes.
Much of this information may be available
through individual agencies or through the Na-
tional Technical Information Service (NTIS),
which has been given augmented responsibili-
ties by the Reagan Administration to transfer
information about Federal technology develop-
ment to the private sector. But the demands
placed on NTIS may be too diffuse to address
effectively the particular issue of strategic
materials substitution.

At a more ambitious level, various organiza-
tions and individuals have proposed establish-
ment of a “substitution information stockpile”
to provide engineers, designers, and procure-
ment officials with highly technical informa-
tion needed to make decisions about available
substitutes. As generally proposed, this “infor-
mation stockpile” would identify, systematize,
and compile detailed information about the
properties and potential applications for cur-
rently available and qualified alternative ma-
terials. Often, systematized information about
alternative processing and fabrication technol-
ogies that could conserve strategic materials
is seen as an essential component of the infor-
mation stockpile. The primary purpose of such
a stockpile would be to reduce response time
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in a supply disruption. However, it is possible
that more firms would adopt their own con-
tingency strategies for reducing their depend-
ency on imported materials if they were aware
of available substitution opportunities.

Even though often proposed, specific steps
toward development of an information stock-
pile have been limited. Part of the reason for
this may be that developing a proper format
for the information—a technical handbook or
computerized data bank that could be available
to industry—could be quite difficult. Safe-
guards, for example, would have to be built into
the system to assure that the information, how-
ever presented, clearly delineates those appli-
cations in which qualification is required from
those in which it is not, Another reason may
be a concern that a handbook or data bank
could quickly become obsolete, presenting stale
information of little value. Hence, revision and
updating of the information stockpile would be
essential. Finally, testing societies and trade
associations have limited resources available
for such purposes, while the Federal Govern-
ment has focused most of its substitution ef-
fort on research.

Although some components of an informa-
tion program—conferences and library repos-
itory, for example—have broad relevance to
strategic materials, the substitution bank con-
cept would probably be of greatest practical use
for chromium—especially as used in stainless
steel. Designers frequently overspecify (use
higher chromium content stainless steels than
may be needed) in many noncritical applica-
tions. Stainless steel is used in a wide variety
of applications throughout the economy; an
estimated 60 percent of this demand is for ap-
plications in which adequate substitutes are
available, or in which some substitutes maybe
developed after a period of R&D. Ready access
to information about these substitutes could
help the consumer of chromium for nonessen-
tial uses to respond to a supply disruption and
ease problems the government might have in
allocating available chromium to essential uses.

Initial work on chromium substitution op-
tions includes a major report by the National
Materials Advisory Board and an industry sur-

vey by the Metal Properties Council, which is
an active supporter of the substitution bank
concept. (This latter effort has been supported
in part by NBS.) In this regard, it should be
noted that a nonprofit entity, called the Na-
tional Materials Property Data Network, Inc.,
has recently been established to explore ways
for providing computerized data on engineer-
ing materials. 32 Additional work to define the
feasibility and parameters of an information
stockpile would be needed.

Development of a substitution information
program would require extensive interaction
between government and the private sector, in-
cluding participation of testing societies, trade
associations, professional societies, and indus-
try. This need for extensive private sector
involvement in development and use of the in-
formation program may mean that the govern-
ment’s key role would be sponsorship—not ac-
tual conduct—of the program. For example, the
government could provide funds to a testing
society, a university, or other nonprofit orga-
nization, to establish a nonprofit center with
a specific mission and charter to develop in-
formation about substitute materials and new
technologies that would help conserve strate-
gic materials. Participation of key Federal
agencies, such as national laboratories, NASA,
NBS, the Bureau of Mines, and the Department
of Defense could be structured into the center’s
charter.

Developing Substitute Alloys

As a general proposition, the Federal Gov-
ernment’s role in developing substitute mate-
rials often ends at an early stage of laboratory
research. Research results may be published,
but it is usually left to private industry to de-
cide whether additional development steps
should be taken. Thus, many strategic material
substitutes are not placed on the shelf by fed-
erally sponsored research, nor are they likely
to be fully developed by industry unless the

Ozsee  National Materials Advisory Board, Materials  Proper-
ties Data Management Approaches to a Critical National Need
(Washington, DC: National Academy Press, 1983), NMAB–405,
for a discussion of the need for upgrading U.S. materials prop-
erties data bases.
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new material is seen as providing significant
cost or performance benefits compared to cur-
rently used materials.

Substitute materials used in critical applica-
tions, such as in powerplants and chemical
plant processing, must be extensively tested af-
ter their initial development in the laboratory,
Depending on the application, it can take 5 to
10 years and several million dollars to develop
and qualify new materials or processes to the
point that they can be used by industry,

Many—perhaps most—of the direct substi-
tutes that have been developed with Federal
funds would be more expensive (at current
prices) than the materials they would replace.
A few are potentially cost competitive with cur-
rently used materials and thus might be used
by industry if the qualification hurdle were
overcome.

Given this situation, the question arises as to
what steps, if any, could be taken by the Fed-
eral Government to bring potential substitutes
closer to commercial use? One alternative
would be for government to support a cooper-
ative effort with the private sector to select,
fully test, and qualify (where necessary) a few
materials with significant potential to reduce
critical material needs (table 8-8, issue 2). Most
of this effort would probably involve contracts
with industry, testing societies, and universi-
ties to carry out key roles, Once these materials
were fully developed, they would be available
for use by industry or could serve as a kind of
standby “national emergency alloy system, ”
analogous to the national emergency steel sys-
tem developed in World War II.

Such a step would not necessarily entail a
major new Federal program: it could be accom-
plished through selective targeting of strategic
materials development activities to focus on
those materials considered to be most critical
to U.S. substitution preparedness. Both the De-
fense Production Act and the Stockpile Revi-
sion Act authorize the President to develop
substitutes for strategic and critical materials.
Federal agencies, such as the Department of
Defense, Bureau of Mines, and NASA, from
time to time sponsor test heats and other de-

velopment activities of substitute materials on
a cooperative basis with industry. Moreover,
the Federal Government has sometimes spon-
sored new materials for qualification by test-
ing societies, Oak Ridge National Laboratory
is now sponsoring a 9 percent chromium steel
for use in powerplants, for example,33 and the
Department of Defense has played a key role
in the commercialization of many materials
considered essential for defense purposes.

Obviously, because many substitutes are po-
tential candidates for augmented development
activities, considerable care would be needed
in selecting the materials. Selection of any
materials for further development work would
depend on many considerations, including
their technical prospects, degree of industry in-
terest, and potential contribution to reducing
import vulnerability relative to other strategies
(e.g., stockpiling or recycling).

For example, as discussed in detail in chap-
ter 7, several superalloy with reduced cobalt
content, intended as direct replacements for
superalloys now used in jet engines, are now
under development, These will not be available
for use unless they undergo several years of ad-
ditional testing. It has sometimes been pro-
posed that steps be taken to prequalify such
low-cobalt substitutes (presumably by govern-
ment) so that they would be available for use.34

Because of rapid changes in materials used in
jet engines, these substitutes could be partially
obsolete by the time they are fully developed.
Therefore, other options—ranging from stock-

—.
33This stee] ~~as  not del,e]oped  to reduce import ~wlnerability,

but as part of the breeder reactor program. It is intended to
replace both a 2?4  percent chromium steel and a 18 percent chro-
mium steel now used in powerplants,  so that the design of a par-
ticular powerplant will determine whether more or less chro-
mium is used. It has been speculated that this steel may
eventually replace 18 percent chromium stainless steels in some
other applications, although, to date, this has not occurred. Fed-
eral expenditures in data development and other activities asso-
ciated with qualification of the material are estimated to be about
$5 million since 1978. An estimated $2 million in private serv-
ices have been donated to the effort. The 9 percent chromium
alloy is expected to be used commercially in some applications
in 1984.

aqsee,  for example, the discussion in U.S. Department of
Commerce, Conservation and Substitution Technolog.v  for Crit-
ical Materials: Proceedings of Public  Workshops, June 15-17,
1981, p. RI-1.
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piling to recycling to aggressive pursuit of ad-
vanced materials—could be more effective in
reducing vulnerability in this application.

Fewer options are available for reducing
chromium import vulnerability for stainless
steel, however, and despite appreciable re-
search efforts, an estimated 40 percent of the
chromium used in stainless steel is considered
irreplaceable. At present, several low-chro-
mium alloys that could substitute for higher
chromium stainless steels in some applications
are in the early stages of laboratory develop-
ment. (Table 7-4 in ch. 7 shows selected exam-
ples.) Current substitution research is address-
ing applications in the midrange of difficulty
(technically feasible substitutes could be devel-
oped after a period of intensive R&D). Full de-
velopment of substitutes for this midrange of
applications could ease allocation decisions in
a supply disruption so that available chromium
could be used in those applications for which
no alternatives are likely to be available,

Targeting a few of the most promising low-
chromium substitutes for augmented develop-
ment would require in-depth analysis of their
current status, needed development steps and
associated costs, and applications in which
they could reduce critical and strategic mate-
rial needs. Substantial input from industry, test-
ing societies, and academic institutions would
be needed both to identify the most promising
materials, and to undertake most of the indi-
cated development steps, Given the costs that
could be entailed—the Oak Ridge qualification
process discussed above cost an average of $1
million per year over a 5-year period—such a
program would have to be conducted at a small
scale, with no more than two or three materials
undergoing augmented development at any
given time.

Ultimately, whether it would be desirable to
establish a cooperative government and indus-
try program of this sort depends on the prom-
inence that is assigned to substitution in over-
all Federal strategies for reducing import
dependency. Development of direct substitutes
is a medium-term (5 to 15 years) response for
reducing import dependency, so that actions
taken now will not have an immediate effect.

At the same time, it maybe difficult to justify
Federal applied research on direct substitutes
unless the end result is to reduce overall U.S.
import vulnerability. This may not occur un-
less ways are found to develop promising sub-
stitutes to the point to which they can be used
by industry.

The Potential of Advanced Materials

Strategic materials displacement is not a pri-
mary reason for the current interest in ad-
vanced ceramics, various composite materials,
rapidly solidified alloys, and other advanced
materials that are the subject of intensive R&D
efforts by government and industry. Rather,
these materials promise special performance
benefits compared to currently used materials.
However, advanced materials usually contain
little or no cobalt, chromium, manganese, or
PGMs, and therefore, over the long term they
have promise to displace or reduce some stra-
tegic material requirements. Often, reduced
strategic material requirements will be an in-
direct benefit of using these materials. Since
redesign of component systems may be neces-
sary for optimal use of advanced materials,
overall savings in strategic materials are diffi-
cult to predict.

Advanced materials—unlike direct substi-
tutes for currently used materials—have the po-
tential to provide the basis for important new
U.S. industries, while at the same time reduc-
ing requirements for strategic materials in
some applications. Advanced ceramics may be-
come a multibillion dollar business, with po-
tential markets projected to reach over $20 bil-
lion by the year 2000, However, at present, the
competitive posture of the United States in ad-
vanced ceramics lags behind Japan in the area
of electronic components, and the United
States is in some danger of losing the race for
market supremacy in engineering ceramics,
Other countries, including Great Britain and
some Western European countries, are also vy-
ing for expanding world markets.

A 1984 Commerce Department study of the
advanced ceramics industry indicated that nei-
ther the United States nor Japan was in the
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clear lead with regard to advanced ceramic
engineering materials. However, the Depart-
ment predicted that the United States could fall
behind Japan if current trends continue. Japa-
nese success was noted in the following areas:

●

●

●

●

●

●

domination of electronic components
made of advanced ceramics;
domination of supplies of advanced ce-
ramic powders;
greater and more organized R&D efforts;
superior performance/cost characteristics
of Japanese demonstration products;
reputation for accepting short-term losses
and investing in long-term product-market
development; and
record in developing and implementing
superior commercial manufacturing proc-
esses and technologies.35 

The potential importance of an internation-
ally competitive advanced materials industry
to the U.S. economy, and the stance of the Fed-
eral Government in encouraging such indus-
trial activities, is likely to be an increasingly
visible issue in the years to come. In general,
the alternative roles that the government could
play in fostering a strong domestic ceramics
industry are likely to be identified and debated
within the broader context of the overall pos-
ture of government-industry relations, not in
the context of strategic material issues. Regard-
less of the extent of government involvement
in encouraging U.S. competitiveness in this
area, a number of technical and institutional
problems will have to be overcome before these
materials come into general use. Therefore, the
discussion here is focused on issues of Federal
involvement in research, development, infor-
mation transfer, and education, rather than on
the full spectrum of alternative policies to en-
courage advancement of this sector of the econ-
omy.36

35  ~]. S. I)el)a rt ment of Commerce, A Competitive A Ssessmen  t
OF the Lr.,$. Ad~’anced  Ceramics industry [Springfield, VA: Na-
tiona]  Technical Information Service, 1984), p. 64.

a6Readers who are interested in alternative Federal roles  in
strengthening the international competitiveness of the U.S. ad-
vanced ceramics industry are referred to the Commerce Depart-
ment’s assessment identified in the previous footnote. The
broader issues associated with alternative government actions

Government Support of Research and Development

It is generally thought that the United States
leads the world in basic research with regard
to advanced materials. Funding of advanced
materials R&D activities in the United States
appears to be generally healthy. However, con-
tinuation of a strong basic research effort will
probably be needed for many years. Manufac-
turing processes and fabrication technologies
are areas in which more emphasis in R&D is
generally considered necessary. The high costs
of fabricating composites, for example, arises
in part from labor-intensive and time-consum-
ing processes. In advanced ceramics, key needs
are to improve powder production and to de-
velop reliable processing technologies to pro-
duce flaw-free ceramics economically. Im-
proved nondestructive evaluation techniques
are critically needed in both composite and ce-
ramic applications.

As with other areas of material research, sev-
eral Federal agencies, including NASA, NBS,
the Bureau of Mines, various Defense Depart-
ment agencies, and the DOE national labora-
tories, undertake or sponsor advanced ma-
terials research. Much of the government
research is undertaken on a contractual basis
with industry. Information sharing among re-
searchers, including various government agen-
cies and those firms directly involved in R&D,
is generally considered by researchers to be ef-
fective. However, coordination of policy with
respect to advanced materials, particularly at
high levels of the executive branch and with
Congress, has been fragmented.

As discussed previously, the National Criti-
cal Materials Act of 1984 calls for the estab-
lishment of a “national Federal program for ad-
vanced materials research and development, ”
giving key responsibility to the National Criti-
cal Materials Council in the Executive Office
of the President for implementing the program,

—-————
involving transfer of new technologies to the private sector are
discussed in 4’Development  and Diffusion of Commercial Tech-
nologies: Should the Federal Government Redefine Its Role?”
(Office of Technology Assessment Staff Memorandum, Indus-
try, Technology and Employment Program, March 1984.)
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The Council, among other things, is directed
to prepare and annually review a Federal pro-
gram plan for advanced materials R&D. The
plan is to designate key responsibilities for car-
rying out research, and is to provide coordi-
nation with the Office of Management and
Budget, the Office of Science and Technology
Policy, and other appropriate Federal offices
and agencies,

The Council is also to review annually the
materials research, development, and technol-
ogy budget requests of all Federal agencies to
ensure close coordination of the goals and
directions of such programs with policies de-
termined by the council, The Office of Man-
agement and Budget, upon reviewing individ-
ual agency budget requests, is to consider them
as an “integrated, coherent, multiagency re-
quest” to be reviewed by the Council and OMB
for adherence to the national Federal materials
program plan for each fiscal year.

The process established by the 1984 Act can
be expected to give far greater visibility to re-
search needs associated with advanced mate-
rials than has existed heretofor. However, in
keeping with the process orientation of most
congressional laws pertaining to materials
R&D, the law gives the Council considerable
discretion in putting together components of
the plan. For example, while the law makes it
clear that the program is to include R&D from
“basic phenomena” through processing and
manufacturing, it does not define the term “ad-
vanced materials, ” thus giving the Council flex-
ibility in determining which classes of mate-
rials fall under the program plan, The Council
will also have discretion in determining over-
all goals and objectives of such a plan. As a re-
sult, congressional oversight and guidance may
be needed to determine whether the Council’s
program accurately reflects Congress’ intent
in establishing the program (table 8-8, issue 3).

Education Needs and Advanced Materials

Considerable concern exists about the ade-
quacy of current engineering curricula and
training of engineers and designers in the use
of advanced materials, Most curricula in engi-
neering schools are designed to familiarize

engineers with materials that are most prev-
alently used today, such as metals. Progress in
advanced materials fields—the materials which
will come into greater prominence in the
future—may hinge in part on the success of
engineering curricula to make engineers and
designers familiar with processing technol-
ogies, and product design associated with ad-
vanced materials, Although many U.S. univer-
sities are important research centers in one or
more advanced material areas, U.S. universi-
ties are turning out comparatively few people
in some advanced materials fields. In the area
of ceramics, for example, only 36 identifiable
doctorates were estimated to have been granted
in the 1982-83 school year by U.S. universities.

The Federal Government can assist U.S. uni-
versities to increase their emphasis on ad-
vanced materials if it so desires, Various assist-
ance programs administered by the National
Science Foundation, and academic research
and curriculum development activities sup-
ported by other Federal agencies could be used
to channel increased support for advanced
materials activities in universities,

One option would be to provide initial educa-
tional development grants to several universi-
ties for a specified time period (e.g., 5 years),
after which time the university would assume
full responsibility for the program. Because
these programs could have clear benefits to pri-
vate industry, industry might contribute to
such an effort. The startup funds could be used
to attract new faculty, support research, assist
in acquisition of needed instruments, or par-
ticipate in other activities that would be needed
to establish a sound curriculum and research
program, Industry-university cooperation and
coordination could be encouraged through
advisory committees comprised of industry
and government representatives and through
internships and collaborative research projects,

Transfer and Diffusion of
Advanced Materials Technologies

Advanced materials are currently in an early
stage of commercial application. A key issue
in their ultimate acceptance and adoption by
industry on a widespread basis will be the ex-
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tent to which reliable engineering data (includ-
ing clearly defined procedures for testing
materials), materials specifications and phys-
ical property data, and standards can be devel-
oped in a form that is readily accessible to
users.

As discussed in chapter 7, current U.S. prob-
lems in maintaining an upgraded materials
property data management system in general
are acute. In the case of many advanced ma-
terials, including rapidly solidified metals, cer-
amics and some composites, absence of acces-
sible information is a major constraint to their
widespread use, Data on advanced materials
is held largely by the research community and
by the few firms that have been integrally in-
volved in their early development or that have
proprietary data for specialized applications.
A kind of catch-22 is involved in this situation:
designers will not use new materials until they
have data on their behavior in engineering ap-
plications, but until the materials are used by
designers, that data will not exist.

The formal codes, reliability standards, speci-
fications, and other forms of information that
would aid product design engineers select
materials are not generally available for ad-
vanced materials. Development of such infor-
mation will be a long-term process, and it may
be many years before general agreement is
reached about the proper form of such infor-
mation.

Although testing societies, private industry,
and trade associations, generally determine
material standards, the Federal Government
can play an important facilitating role if it
chooses, Several Federal agencies, including
the Department of Defense, DOE, NBS, and
NASA all have important programs related to
advanced materials, and have been integrally
involved in maintaining materials data bases
that could be of considerable relevance to
standard-setting activities.

A cooperative effort by government and in-
dustry to undertake initial work to develop
organizing concepts, define information needs,
and identify appropriate formats for needed
engineering data could be an important pre-
liminary step toward advanced material stand-
ard-setting. Such a cooperative endeavor would
require extensive interactions between testing
societies, industry, academia, and government,
with each contributing key inputs to the proc-
ess. One possible arrangement (table 8-8, issue
4) for facilitating such interaction would be for
the Federal Government to partially sponsor
(with contributions by relevant industries) a
nonprofit center associated with a testing so-
ciety, a university, or other nonprofit institu-
tion. A similar approach is being used to ex-
plore the feasibility of establishing a national
materials properties data network with primary
reference to metals.

Conservation and Recycling of Strategic Materials

OTA’s analysis indicates that ongoing trends
in industry have led to more efficient use of
materials in processing and manufacturing.
These trends are expected to continue as firms
upgrade facilities and adopt new manufactur-
ing processes.

In steelmaking, for example, manganese re-
quirements for each ton of steel produced are
expected to be reduced from 36 to 25 pounds
by the year 2000. Somewhat greater savings (in
terms of imported manganese) are likely be-

cause of increased use of scrap and improved
manganese recovery rates. Near-net shaping
processes used in the aerospace industry will
also reduce cobalt raw material requirements
for superalloy production, although this will
also be accompanied by a reduction of home
and prompt industrial scrap preferred for recy-
cling. The incentive to conserve PGMs is very
high, owing to their high cost; thus, improve-
ments in catalyst design that would reduce
PGM use can be expected to be adopted quickly.
Some modest improvements in chromium uti-
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lization can be expected, but the rapid phase-
in of the argon-oxygen decarburization (AOD)
process in making stainless steel is now nearly
complete, and no major breakthroughs appear
imminent. As a rule, material-conserving tech-
nologies will be adopted because of product
quality and cost competitiveness reasons, not
because of concern about strategic materials.

Important opportunities also exist to increase
supplies of cobalt, chromium and PGMs through
recycling. In the case of PGMs, the chief op-
portunity for increased secondary production
is through recycling of automotive catalysts;
an emerging industry structure is developing
to collect and process these catalysts. Oppor-
tunities to extend cobalt supplies include im-
proved recycling of cobalt values from obsolete
superalloy scrap and recovery of cobalt from
spent catalysts used by the petroleum indus-
try. Although stainless steelmaker now derive
one-fourth of their chromium needs from pur-
chased scrap, losses from three areas—down-
grading, failure to recover obsolete scrap, and
losses of chromium in steelmaking wastes—
are substantial. See table 6-6 in chapter 6 for
a detailed listing of recycling opportunities.

Increased recycling not only augments stra-
tegic material supplies, but also has environ-
mental benefits associated with reduced land-
filling and disposal of wastes, Recycling also
offers energy conservation benefits, since scrap
already embodies initial energy requirements
needed to process raw ores into concentrated
form, Energy savings from recycling aluminum
scrap, compared to manufacturing the same
product from virgin materials, can exceed 90
percent, and for copper, iron and steel, lead,
and zinc, savings of over 60 percent have been
noted. 37 Because the first-tier minerals covered
by this report are produced and often partially
processed abroad, net energy savings to the
U.S. from increased recycling of these mate-
rials would only accrue as an alternative to in-
creased domestic production, however.

JTNationa]  Association of Recycling Industries, Recycled Me-
tals in the  1980s (New  York: National Association of Recycling
Industries, 1982), p. 174.

Economic barriers (arising from the added
cost of collecting, sorting, transporting, and re-
processing obsolete scrap and waste) and in-
stitutional impediments (e.g., difficulties in
organizing collection systems and the reluc-
tance of consumers to use recycled materials)
are the major constraints on recycling.

Appreciable advances in recycling technol-
ogies have been made in recent decades, owing
in part to Bureau of Mines’ R&D efforts, and
industry initiatives. In general, few technical
problems need to be overcome to increase re-
cycling of PGMs, cobalt, and chromium. How-
ever, in some applications—especially super-
alloys—advanced technologies may have to be
developed before major advances can be made
in current levels of recycling, Increasing com-
plexity in materials used in products in gen-
eral also means that continuing R&D will be
needed to meet future recycling needs,

OTA’s analysis of recycling issues focused
on several areas of possible congressional con-
cern: adequacy of information about current
and prospective levels of recycling; the need
for evaluation of the indirect effects of Federal
programs and policies on recycling in order to
identify possible changes that could facilitate
recycling; and the possible need of a pilot plant
project to demonstrate advanced superalloy
recycling technologies. These issues, and asso-
ciated options, are summarized in table 8-9 and
discussed below,

Information Needs and Recycling

Recycling’s potential to reduce import depen-
dency can only be roughly estimated unless
reliable information is available about both cur-
rent levels of recycling nationwide and about
quantities of unrecovered scrap and waste that
could potentially be recycled if economic or
technical conditions changed. Current statis-
tical series provide incomplete information
about annual levels of recycling because they
focus on the purchased component of scrap
supplies, and do not estimate potentially re-
cyclable materials that are not recovered. In-
creased emphasis on compilation of recycling
data and trend analysis seems needed if pol-



Ch. 8—Policy Alternatives for Strategic Materials ● 373

icymakers are to have a realistic picture of the
prospective role that recycling could play in
reducing U.S. dependency on imported mate-
rials (table 8-9, issue 1).

From time to time, agencies such as the Bu-
reau of Mines and the National Materials Advi-
sory Board have produced relatively compre-
hensive materials flow models for individual
metals or applications. These models have ap-
preciably increased understanding of overall
recycling levels, but have been prepared infre-
quently, with little or no followup or consis-
tency in procedures used. The need for mate-
rials flow information is especially apparent
in the area of superalloy recycling—an area that
changes rapidly, affects use of several strate-
gic materials, and is of obvious importance to
national security. Most current information
about the flow of superalloy scrap is based on
conditions in 1976—the last year for which a

comprehensive materials flow model for super-
alloy scrap was prepared by the government.
Efforts to update this model using 1980 data—
but 1976 scrap ratios–do not fully reflect the
important changes that have occurred in super-
alloy recycling since then.

Analysis of long-term trends in conservation
and recycling is also needed on a periodic ba-
sis, especially since the two often influence
each other in complex ways, Adoption of near-
net shape technologies by aerospace manufac-
turers will reduce the amount of preferred
scrap generated in the fabrication of superalloy
parts. This means that obsolete scrap and lower
quality manufacturing scrap will comprise an
increasing portion of the materials potentially
available for recycling. Similarly, efforts such
as the Air Force retirement-for-cause program
to extend the life cycle of jet engine parts could
reduce the amount of obsolete scrap available

Table 8-9.—Policy Alternatives for Recycling Strategic Materials

Arguments for/against

Problem/issue Option Positive Negative

1. Annual statistical series do
not provide an adequate pic-
ture of current and prospec-
tive recycling levels; detailed
information is out of data
and not prepared on a
regular schedule.

2. Adjustments in Federal pro-
grams and policies could
encourage greater recycling
of strategic materials, but
the necessary evaluation of
these programs has not been
done by the Administration.

3. Advanced recycling
technologies for superalloy
may not be developed by
private industry because of
low metal prices.

Supplement current data
with in-depth “cradle-to-
grave” data and analy-
sis of Cr, Co, Mn, and
PGM or other materials
as appropriate on a
regular schedule.

Call for an executive
branch evaluation, with
recommendations to
Congress, about ways
to structure Federal pro-
grams related to taxa-
tion, real property pro-
curement and disposal,
environmental regula-
tions, etc., to encourage
strategic materials
recycling.

Authorize one or more
pilot-plant projects to
demonstrate technical
feasibility of reclaiming
individual elements
from superalloy scrap
or other advanced scrap
recovery processes.

Better information about
recycling is needed for
realistic appraisal of
recycling’s prospective
role in reducing import
dependency.

Could lead to eventual

If

changes in Federal pro-
grams which would be
helpful to recycling firms
in increasing recycling
levels.

technical merit of
research processes is
demonstrated in pilot
project, it may be possi-
ble to recycle most of the
superalloy scrap that is
now downgraded or lost.
(An estimated 2.8 million
pounds of cobalt was
lost in superalloy scrap
alone in 1980.)

Could add to industry
paperwork requirements

Federal Government should
not attempt to favor one
mineral form over
another; overemphasis on
recycling could inhibit
domestic mining activ-
ities related to strategic
materials.

Option provides less
immediate supply secur-
ity than domestic produc-
tion and depends on suc-
cessful outcome of pilot
project to determine com-
mercial feasibility;
government should not
be involved in commer-
cialization of new
technologies.

SOURCE. Off Ice of Technology Assessment
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for recycling. These interrelationships are dis-
cussed in greater detail in chapter 6.

Superalloy applications are not the only area
where current data are inadequate for identify-
ing current and prospective recycling levels.
opportunities for recovering more chromium
from obsolete stainless steel products and steel-
making wastes can only be roughly estimated
since most of the available national data date
from 1976 and 1974, respectively. Important
improvements have occurred since then. Sim-
ilarly, monitoring of PGM recycling from au-
tomotive catalysts and electronic scrap will
clearly have to be emphasized in the years to
come in order to develop accurate information
about recycling trends in this industry.

Analysis of industry trends and the revision
of scrap material flows on an annual basis is
probably not necessary or desirable, but it
would be desirable on a periodic basis, perhaps
once every 4 or 5 years. The Bureau of Mines,
which sponsored the superalloy analysis dis-
cussed above as well as a similar scrap flow
model of chromium recycling in stainless steel,
would be a logical agency to undertake this
analysis. Cost of preparing new material flow
models would vary, but would probably be less
than $100,000 per application addressed. The
original appropriation for the two models men-
tioned above was provided to the Bureau of
Mines under the Defense Production Act
through the Federal Emergency Management
Act. Update of these models would cost about
$50,000 per application.

At present, limited national level information
is available about “hidden inventories” of stra-
tegic materials that could potentially be re-
cycled in the event of a supply disruption.
(Stockpile management estimates about recy-
cling levels in a supply disruption are based
on economic analysis, not estimation of
materials.) Hidden inventories include scrap
inventories that for one reason or another are
not reported to the Bureau of Mines and po-
tentially reclaimable mining tailings and indus-
trial waste materials. Such inventories can be
quite large. At one Gulf area petroleum cata-
lyst recycling operation, for example, perhaps

as much as 7 million pounds of cobalt-nickel
aluminate slag has accumulated over the years.
This material would not be economic to re-
cover without major increases in cobalt prices,
and some technical problems in recovery
would have to be overcome. In a supply dis-
ruption of protracted length, however, it may
represent a recoverable resource. In addition,
a large quantity of strategic materials are
present in mine tailings which maybe poten-
tially reclaimable. Although information is
available about strategic material content of
some of these tailings (e.g., cobalt tailings from
lead zinc mining in Missouri), their national
magnitude is not known accurately.

The importance of information can, of course,
be overstated. It would not be necessary, or
even desirable, to attempt to inventory compre-
hensively all low-grade sources of strategic
materials, for example, to derive plausible esti-
mates of the magnitude of such resources. Nor
are current information deficiencies so great
as to prevent identification of applications and
materials in which there is potential for ma-
jor increases in current recycling levels. How-
ever, an institutional mechanism for periodic
reexamination of recycling and conservation
trends and opportunities would be highly use-
ful in policy formulation.

The Impacts of Federal Activities on Recycling

The Federal Government influences recycl-
ing of strategic materials both directly and
indirectly. Direct effects arise from its R&D
activities aimed at improving recycling tech-
nologies. This research has had a demonstra-
ble effect in encouraging increased recycling
of strategic materials; many currently used
processes were initially developed with Fed-
eral support.

Indirect effects—some positive and some
negative—arise from a wide variety of Federal
policies and programs that are not specifically
aimed at recycling. Such activities as taxation,
regulation of transportation rate setting, envi-
ronmental policy, and procurement and dis-
posal of materials by Federal agencies can af-
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feet material flows in the economy. Several
recent laws have attempted to remove inadver-
tent bias in Federal regulations that may favor
virgin raw materials over recycled materials,
but the recycling industry continues to be con-
cerned that Federal policies may discourage
recycling.38

The National Materials and Minerals Policy,
Research and Development Act called on the
president to:

. . . assess Federal policies which adversely or
positively affect all stages of the materials cy-
cle, from exploration to final product recycling
and disposal including but not limited to, fi-
nancial assistance and tax policies for recycled
and virgin sources of materials and make rec-
ommendations for equalizing any existing
imbalances, or removing any impediments,
which may be created by the application of
Federal law and regulations to the market for
materials . . 39

The President’s materials plan did not specif-
ically address this issue. (The plan placed such
analysis in the overall context of its regulatory
reform assessment, an approach that is not spe-
cific enough to suggest improvements for stra-
tegic materials recycling.)

Such an evaluation and recommendation
process—especially if focused on strategic
materials—could help identify possible changes
in Federal programs that could encourage
greater or more effective recycling of strategic
materials (table 8-9, issue 2). This cannot be
done with a narrow focus simply on strategic
materials: overall objectives and missions of
Federal programs must be taken into account,
even if a particular program or policy may ad-
versely affect recycling.

Nonetheless, there may be ways to encourage
recycling while meeting these broader objec-
tives. One area meriting further examination
concerns possible connections between waste
disposal policies and recycling. Spent cobalt-

ss~”[)r a rji scussion of the (;o n cerns of the recycling 1 IId  USt ry
about Federal policles, see ,NJational  Association of Recycling
Industries, RecJrcled  Lletal.s in flrc 1980s (New’  York: National
Association of Reclcling Industrlcs, 1982), pp 167-177.

a~[~uhli~ [,a\\,  !36-479, 5(?(:. 4(8).

molybdenum hydroprocessing catalysts, for ex-
ample, may contain trace amounts of lead and
arsenic that may make them potentially haz-
ardous. Although spent catalysts are not a
listed hazardous waste, generators of spent
catalysts often treat them as such, and as po-
tentially subject to Federal regulations which
restrict storage of hazardous wastes on site to
90 days. As a result, within 90 days, genera-
tors of spent catalysts must decide whether to
send the material for recycling or to landfill the
material at an approved site. In the late 1970s,
recyclers of spent cobalt catalysts would often
pay generators $300 per ton to obtain this ma-
terial in order to recycle molybdenum. In the
1982-83 period, generators often needed to pay
the freight to have the spent catalysts sent to
the single U.S. firm still recycling those cata-
lysts for molybdenum values. As a result, land-
filling is often a more attractive option, and
simply storing the material on site while wait-
ing for metal values to increase is precluded.
An estimated 270,000 pounds of cobalt were
not reclaimed from spent hydroprocessing
catalysts in 1982.

The impediments to recycling cobalt cata-
lysts are thus largely economic in nature, aris-
ing from the low value of metals at the present
time, but Federal hazardous waste regulations
may inadvertently cause premature loss of co-
balt values. It would be inappropriate to change
Federal policy with respect to hazardous waste
simply to facilitate recovery of strategic mate-
rials in circumstances such as this. However,
with appropriate safeguards, it may be possi-
ble to develop alternatives to encourage recy-
cling of strategic materials while safeguarding
concerns about public health and safety aris-
ing from hazardous waste storage. Possible
alternatives to encourage recycling of strate-
gic materials from some hazardous waste in-
clude intensifying the recycling R&D activities
by the Bureau of Mines to assist industry in de-
veloping effective reclamation technologies;
possible use of guaranteed purchase agree-
ments under the Defense production Act to
defray the expense of reclamation when it is
currently not economic; longer term but tempo-
rary storage of some hazardous wastes contain-
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ing strategic materials in regional repositories
where they would be available for subsequent
recycling; and possible use of “waste end” tax-
ation, which could make landfilling less attrac-
tive as a disposal option by taxing generators
of wastes when they are landfilled.

Increasing interest exists in strategic mate-
rial recycling opportunities associated with
surplus Federal property—especially that of the
Department of Defense. GAO is currently au-
diting Department of Defense scrap generation
levels and possible alternative means of dis-
posal of scrap at the request of the House
Armed Services Committee. However, the GAO
effort is focused principally on aluminum—not
on superalloy scrap.

Military aircraft contain large quantities of
strategic materials that are potentially recycl-
able at the end of their service life. Currently,
most jet engine parts are declared surplus and
are sold as scrap at the end of their useful serv-
ice life, Generally, obsolete superalloy scrap is
downgraded for its nickel and chromium con-
tent, so that other metals (e.g., cobalt) are not
beneficially used.

Alternatives to disposal of surplus scrap
could have strategic material conservation
benefits. The Department of Defense and the
General Services Administration can promote
advancement of recycling technologies and
processes by contributing surplus scrap to
demonstrate advanced recovery methods.

A model and precedent for a government-run
recycling program exists. For nearly a decade,
the Department of Defense has conducted a
precious metals recovery program (including
platinum, palladium, and rhodium) from sur-
plus, damaged, or outdated government prop-
erty. The recycled materials are refined to a
high level of purity and may then be used as
government-furnished materials in defense
contracts and in certain other government con-
tracts. Savings to the government from this pro-
gram have been very large because the costs
of recovering and refining PGMs are cheaper
than purchasing new material.

At current cobalt prices, this would not be
the case with regard to superalloy reclamation.
An Air Force working group established to as-
sess a feasibility study on a cobalt reclamation
process for obsolete jet engine parts reached
the conclusion that it would be cheaper for the
government to sell these parts as scrap, given
current cobalt prices, (The working group did
not identify costs associated with the various
alternatives.) This argument fails to take into
account the strategic benefits of having a do-
mestic capability to reclaim individual ele-
ments from scrap in the event of a supply
emergency.

Besides evaluation of agency programs to de-
termine whether changes may be needed in
Federal policies with respect to recycling, the
Federal Government can heighten visibility of
recycling industry issues through special
studies.

The National Materials and Minerals Policy,
Research and Development Act of 1980 estab-
lished a continuing assessment function in the
Commerce Department to undertake case studies
of specific material needs to ensure “an ade-
quate and stable supply of materials to meet
national security, economic well-being and in-
dustrial production needs. ” To date, studies
have been completed on the steel industry, and
the aerospace industry, and a study on the do-
mestic mining industry is in progress, Al-
though such studies may address recycling to
some extent, special assessment of key com-
ponents of the recycling industry would aid in
understanding the role recycling could play in
providing strategic and critical materials and
in the identification of economic ‘and institu-
tional barriers to increased recycling.

Developing New Recycling Technologies

Recycling of strategic materials often entails
highly sophisticated technologies and proc-
esses. The increasing complexity of materials
used in end products, such as jet engines and
automobiles, and the general trend toward
more stringent material specifications, require
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adjustments in segregating and processing
scrap by recyclers. As a result, extensive R&D
activities are often needed to keep pace with
changes in end products.

Substantial technical advances have been
made in recycling technologies in recent years,
and many of these advances have been sup-
ported by government research. Increasingly,
as government funds for general recycling re-
search have become more limited, available
funds have been targeted on strategic mate-
rials, including processes and technologies to
effectively reclaim them from low quality
materials (e. g., obsolete scrap) that are not now
processed.

Several Federal agencies, including the De-
partment of Defense, NASA, and the Environ-
mental Protection Agency, have sponsored
recycling R&D activities relevant to strategic
materials. However, the Bureau of Mines is the
primary Federal recycling research agency. Re-
cent Bureau projects have emphasized, among
other things, development of processes to en-
hance recovery of cobalt, nickel, and chro-
mium from materials such as superalloys and
stainless or specialty steel scrap and wastes.
Funding of strategic materials recycling activ-
ities has been maintained at a high level through
reprogramming of funds from other areas.

Normally, industry itself assumes the key role
in actually developing new technologies aris-
ing from Bureau research. Many currently
used processes pertaining to recycling of steel-
making wastes, cemented carbides, and other
materials were originally developed or spon-
sored by the Bureau of Mines. At least seven
companies, for example, are using a Bureau-
patented process which permits effective re-
covery of cemented carbide scrap, with its co-
balt values.

Current metal prices do not justify private
investment in post-laboratory development of
some experimental recycling technologies—
especially those for superalloys—that promise
to substantially improve recycling of strategic
materials, Superalloy raw materials provided
through recycling will increasingly depend on
effective obsolete scrap recovery since manu-

facturing processes are reducing the amount
of home and prompt scrap available.

Several commercially used processes can be,
and to a limited extent have been, used to recy-
cle obsolete superalloy scrap to provide mas-
ter melts suitable as raw materials for jet en-
gine superalloy. Alternative processes that
reclaim individual elements from the scrap in
highly purified form have been demonstrated
only in the laboratory.

Experimental reclamation processes of this
sort have been developed under Bureau of
Mines’ sponsorship, and independently by
some companies. Proof that they would work
in commercial-scale operations has not been
ascertained, and an additional 2 to 5 years of
work may be needed to reach definitive con-
clusions.

One Bureau-sponsored experiment, undertaken
in the late 1970s, demonstrated the technical
feasibility of separately reclaiming individual
elements from superalloy scrap, including
cobalt, chromium, and nickel—an important
breakthrough if the technical merits of the
process hold up outside of the laboratory. In-
dustry feasibility studies for a pilot plant and
small commercial facility showed promising
profit potential at 1980 prices (cobalt was then
selling at $25 per pound), but when prices fell,
so did interest in the project. (The price of co-
balt that would allow this process to break even
is confidential information with the company
that developed the feasibility study.) Other Bu-
reau of Mines’ processes, including one which
rapidly dissolves metals out of the superalloy
scrap, may also have the potential to advance
superalloy recycling technologies. Some pri-
vate firms, as discussed in chapter 6, have un-
dertaken laboratory research in the area of
reclamation. One of these firms currently re-
covers cobalt from various scraps (including
superalloy grindings) for use in cemented car-
bides, and is considering possible applicabil-
ity of the process for recycling superalloy per
se.

Although government’s role in commercializ-
ing specific new technologies is usually lim-
ited, overriding national objectives, such as na-
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tional security, may justify exceptions. Further
development of advanced superalloy recycling
processes may well be such a case. One alter-
native would be for government (in consulta-
tion with industry to select the most promising
candidate processes) to sponsor one or more
pilot plant projects to demonstrate advanced
reclamation processes—either at a government
facility or under contract with industry (table
8-9, issue 3). The costs of a pilot plant project,
probably entailing $5 million or more per proj-

ect facility plus $1 million to $2 million in oper-
ating costs, need to be viewed in terms of the
potential benefits and increased supply secu-
rity that could accrue to the United States in
the event that such technologies are commer-
cially viable. Commercial availability of such
technologies could give U.S. firms the techni-
cal capability to recycle most of the cobalt that
is now lost or downgraded, estimated at 2.8
million pounds in 1980.


